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74LS- Series 





74LSOO £0.22 
74LSO1 £0.14 
741592 £0.14 
741503 £0.14 
741,504 £0.14 
740505 £0.14 
740508 £0.14 
741.509 £0.14 
74L810 £0.14 
74,8107 £0.23 
7415109 £0.21 
?4ÁLS11 £0.17 
74LS112 £0.21 
?ALS113 £0.21 
7áLS114 £0.21 
741512 £0.14 
74,8122 £0.31 
74LS123 £0.31 
74LS125 £0.21 
74LS126 £0.21 
74LS13 £0.14 
74LS132 £0.21 
7ALS133 £0.18 
74,5136 £0.16 
741.8138 £0.24 
7415139 £0.25 
741514 £0.18 
74.8145 £0.56 
74LS1 47 £1.26 
745148 £0.70 
741515 £0.14 
74UL S151 £0.25 
74,8153 £0.25 
74L$154 £0.70 
74.8155 £0.25 
741 S156 £0.36 
7418157 £0.25 
7418158 £0.25 
7445160 £0.32 
7418161 £0.32 
7468162 £0.32 
74,8163 £0.32 
74tS164 £0.25 
74,8165 £0.48 
74,8170 £0.30 
7415173 £0.24 
74,5174 £0.24 
74ALS175 £0.24 
74LS190 £0.25 
7415191 £0.24 
74L8192 £0.42 
74,5193. £0.24 
?7ALS195 £0.24 
74L5196 £0.24 
74L 5197 £0.24 
74LS20 £0.16 
741521 £0.14 
741522 £0.14 
74LS221 £0.36 
74LS240 £0.32 
7ALS241 £0.32 
74L5242 £0.32 
74,8243 £0.32 
745244 £0.32 
74LS245 £0.36 
74,8247 £0.32 
7418251 £0.24 
745257 — £0.24 
74LS258 £0.24 
74LS26 £0.14 
74LS266 £0.14 
7ALS27 £0.14 
7ALS273 £0.32 
74LS279 £6.25 
74LS30 £0.14 
74LS32 £0.14 
74,5365 £0.21 
74,5367 — £0.21 
74,8368 £0.21 
74,837 £0.14 
74LS373 £0.32 
74LS374 £0.32 
74LS375 £0.34 
74LS377 £0.32 
74LS378 £0.62 
74L$38 £0.14 
74LS390 £0.25 
74,8393 £0.24 
74LS395 £0.26 
7415399 £0.62 
74LS40 £0.14 
74LS42 £0.25 
74LS47 CD 72 
74LS51 £0.14 
J4LS670 £0.69 
74LS73 £0.17 
74LS74 CG 25 
74LS75 £0.19 
74LS76 £0.25 
74LS83 £0.31 
74LS85 £0.35 
74LS86 £0.20 
74LS90 £0.23 
74,892 £0.35 
74,593 £0.25 
ENAMELLED 
COPPER . 
WIRE 
Ail 2oz Reels 
14 SWG £0.63 
16 SWG £0.67 
18 SWG £0.67 
20 SWG £0.72 
22 SWG £0.76 
24 SWG £6.80 
26 SWG £0.89 
28 SWG £0.91 
30 SWG £0.93 
32 SWG £0.93 
34 SWG £0.99 
36 SWG £1.04 
38 SWG £1.10 
40 SWG £1.22 


4000 Series 


Please mention ELEKTOR ELECTRONICS when contacting advertisers 


‘TRANSISTORS 









BC186 £0.33 8D534 £0.47 
BC204C £0.72  BD535 £0.48 
BC206B £0.72 BD536 £0.65 
BC207C £0.72 82646 £0.52 
BC208 £0.72 80648 £0.52 
BC209A £0.72 80650 £0.53 
BC212 £0.08 B0707 £0.42 
BC212L £0.08 80807 £0.80 
BC212LB £0.08 BDX32 £1.78 
BC213 £0.08 BDX33C £0.46 
BC213LC £0.08  BOX34C £0.50 
BC214 £0.08 BDXS3C £0.47 
BC214L £0.08 BOX54C £0.50 
BC237B £0.09  BF180 £0.31 
BC238C £0.09  8F182 £0.31 
BC239C £0.10 BF185 £0.31 
BC251 £0.13 BF194 £0.19 
BC252 £0.13  BF195 £0.19 
BC261B £0.24 BF244 £0.35 
BC262B £0.26  BF257 £0.33 
BC267B £0.30  8F259 £0.33 
BC307 £010  BF337 £0.36 
8C308 £0.10 — Bf355 £0.38 
BC327 £010 BF423 £0.13 
8C328 £0.10 — BF451 £0.19 
8C337 £0.10  BF459 £0.33 
8C338 £0.10 — BF469 £0.36 
BCA14C — £0.13 — BFX29 £0.29 
BC441 £0.40 BFXB4 £0.31 
BC461 £0.40  BFX85 £0.31 
8C463 £0.29 BFY50 £0.29 
BC478 £0.32 BFY51 £0.26 
8C479 £0.32 8FY52 £0.28 
BC490 £0.24 BS107 £0.21 
8C516 £0.22 85170 £0.21 
BC517 £0.20 BSW6S £1.35 
8C527 £0.20 BU126 £1.70 
BC528 £0.20 BU205 £1.82 
8C537 £0.20 BU208A £1.73 
BC546C £0.08  BU326A £1.80 
BC547C £0.09 BUS500 £2.32 
BC548C £0.08  BU5OBA £1.76 
BC549C — £0.10 BU526 £2.24 
BC550C £0.08  BUB806 £1.36 
BCS56A £0.08 BUK £0.78 
BC557C £0.08 IRF540 £1.60 
BCS58C £0.08 IRF740 £1.80 
8C559C £0.08 MJ11015 £2.11 
BC560B £0.09 MJ11016 £2.11 
8C637 £0.21 MJ2501 £1.60 
BC638 £0.21 MJ3001 £1.52 
8C639 £0.21 MJE340 £0.40 
BC640 £0.21 MJE350 £0.42 
BCY70 £0.21 MPSA13 £0.12 
BCY71 £0.20 MPSA42 £0.17 
BCY72 £0.20 MRF475 £6.21 
8D135 £0.20  TIP121 £0.35 
BD136 £0.2t TIPI22 £0.40 
80137 £0.22  TIP125 £0.37 
BD138 £0.22 TIP127 £0.37 
80139 £0.23 TIP132 £0.46 
BD140 £0.24 TIP137 £0.46 
8D150C £082 TIP142 £1.08 
8D165 £0.42 TIP147 £1.12 
BD166 £0.35 TIP2955 £0.63 
BD187 £0.39 TIP29C £0.31 
8D201 £0.40 TIP3055 £0.63 
BD202 £0.40 TIP30C £0.31 
BD203 £0.40  TIP3IC £0.34 
BD204 £0.40  TIP32C £0.32 
BD222 £0.40  TiP33C £0.72 
BD225 £0.42 TIP4!A £0.48 
BD232 £038  TIPA2C £0.38 
8D237 £0.32  TIP47 £0.48 
BD238 £0.32 TIP48 £0.62 
BD2408 £0.37 TIPSO £0.53 
BD243B £050 VNIOKM £0.44 
BD244A £0.53  VN66AF £1.50 
BD246 £106 ZTX300 £0.16 
BD441 £0.4} ZTX500 £0.16 
BD442 £0.41 
THYRISTORS 

PO102AA £0.30 

TIC1060 £0.40 

TiC116D £0.66 

TiC126D £0.77 


HARDWARE 


T2 Box 75 x 56 x 25mm £0.82 
T3 Box 75 x 51 x 25mm £0.82 
T4 Box 111 x 57 x 22mm £0.58 
MB1 Box 79 x 61 x 40mm £1.44 
MB2 Box 100x 76x 41mm £1.56 
MB8380x118x98x45mm £1.82 


M85 Box 150 x 100 x 60mm £2.50 


ESR ELECTRONIC COMPONENTS 


Station.Road, Cullercoats, 
Tyne & Wear NE30 4PQ 
Tel. 091 251 4363 


` LINEAR ICs . - SOLDERING IRONS 


CA3T1E 
CA324 
CA555 
CATAICE 
CA747CE 
CA3046 
CA3080 
CA31 30 
CA3130E 
CA3140 
CA 3240 
1CL7621 
ICM7555 
ICM7556 
LM301A 
LM348N 
LF351N 
LF353 
LF356 
LM358N 
LM377 
LM380N 
LM381 
LM386 
LM387 
LM392N 
LM393N 
LM748CN 
LM1458 
LM3900 
LM3914 
LM3915 
MC3340 
MC4558 
NE531 
NEB56N 
NE567N 
NE5532 
NE5534 
TBA1 20S 
T8A810$ 
TBAB20M 
TOA2030 
TLO61 
TLO62 
TLO64 
TLO71CP 
TLO72CP 
TLO7ACN 
TLOB? 
TLO82CP 
TLOBACN 
UAT33 
ULN 2003 
ULN2004 
ZN414Z 
ZN425E 
ZN426E 
ZN427€E 
ZN428E 
ZN435£ 
ZN448E 


£0.28 


£0.25 
£0.22 
£6.28 
£0.39 
£0.37 
£0.72 
£0.98 
£0.98 
£0.56 

£1.12 
£1.70 
£0.43 
£0.96 
£0.25 
£0.31 


£7.92 


EPROMS 8 
RAMS 


2716 

2732 
2764.25 
27C64-25 
21728-20 
27C1 28.20 
27256-20 
27C256-20 


27C512 
27C010 
6116-10 
6264-10 
62256-10 
4164.15 
41256.10 
§11000-8 
514256.8 


£4.46 
£4.84 

£3.00 
£2.80 
£3.69 
£3.31 

£3.99 
£3.57 


£3.69 
£4.97 
£1.53 
£3.06 
£4.83 
£1.78 
£2.80 
£5.61 
£5.61 


DIL SOCKETS 


8 Pin 

14 Pin 
16 Pin 
18 Pin 
20 Pin 
24 Pin 
28 Pin 
40 Pin 


£0.25 


ELECTROLYTIC RADIAL CAPACITORS 


Dem. EE 
, Fax.0912522296 








Antex Soldering irons BNC Solder Piug 5OR £0.93 
; BNC Solder Plug 75R £0.96 
PI le Wat SRTR BNC Crimp Plug50R — £0.68 
G 18 Watt £8.75 BNC Crimp Plug 75R £0.68 
CS 17 Watt £8.65 BNC Solder Skt £1.08 
XS 25 Watt £8.75 BNC Chassis Skt £0.80 
GASCAT 15.87 PL259 5.2mm £0.68 
ST4 STAND £2.85 PL259 Timm £0.62 
35Watt Gas iron £11.58 RND UHF socket £0.68 
Desolde: Pump £3.00 SQR UHF socket £0.45 
Antistatic Pump £4.30 F Plug RG58 £0.30 
22SWG 0.5Kg Solder £7.40 UH d ares 
18SWG 0.5Kg Solder £6.60 ug . 
1mm 3 yds Solder £0.62 N Socket RG8 £1.40 
BNC Crimp Pliers £15.50 


Desolder Braid 


l PCB EQUIPMENT TT 





UV EXPOSURE UNIT - 467.3 

PLASTIC DEVELOPING TRAY £1.35 

PHOTO RESIST AEROSOL SPRAY (100ml) £3.90 

FERRIC CHLORIDE CRYSTALS (9 5Kg) £2.45 

TIN PLATING POWDER (90g) £10.80 

ETCH RESIST PEN £0.72 

PCB POLISHING BLOCK £1.84 

STRIPBOARD 0-1 PITCH BREADBOARD 

64mm x 25mm £0.27 81mm x 60mm £3.06 
64mm x 95mm £0.90 175mm x 42mm £3.74 
64mm x 431 mm £3.22 175mm x 67mm £5.56 
95mm x 127mm £1.50 203mm x 75mm inciudes 
95mm x 895mm £1.10 mounting plate & posts £7.36 
35mm x 431mm £4.80 COPPER BOARD (G. Fibre) 
100mm x 160mm £1.60 100mm x 160mm £0.90 
119mm x 454mm £6.20 110mm x 220mm £1.24 


PHOTO RESIST BOARD 


PHOTO RESIST BOARD 


(G. Fibre) (Paper) 
3" x4" £0.86 3" x4" £0.67 
4" x6" £1.62 4"x6" £1.24 
4" xB" £2.09 4" x8" £1.58 
6° x 6" £2.41 8° x 10" £4.63 


CAPACITORS SWITCHES © 


3amp 250v 6.4mm ¢ mounting 


Ceramic Mini Disc 100 & 63V 


1 OpF to 100nF SPST Toggle £0.58 
1pF-1nF £0.06. 1n2-2n7 £0.07. SPDT Toggle £0.60 
3n3-4n7 £ 0.12. SPDT CO Tog £0.64 
10n & 12n £0.07 DPDT Toggle £0.68 
Polystyrene 160V 5% 47pF to 10nF DPDT CO Toggle £0.76 
47p-2n2 £0.09. 2n7 -10n £0.12 DPDT CO Toggle 
(biased) £1.20 
D CONNECTORS DPDT CO Toggle 
Piug Sockel (biased 1 way) £1.20 
E. 2k pet io DPDT mini slide £0.15 
in 4 x k . 
15 Pin HO £081 £0.90 Sea ea pee nE Ai 
eie E sl Key Switch SPST £2.70 
25 Pin £0.48 £0.50 S Y i £0.25 
9 Way plastic cover £0.30 ush to make . 
15 Way plastic cover £0.33 Push to break £0.28 
23 Way plastic cover £6.36 Latching Push Sar £0.63 
25 Way plastic cover £0.36 PCB Tact 6 x 6mm £0.25 


BRIDGE 
RECTIFIERS 


RESISTORS 


O 25W 5% CF E12 Series £0.60/100 

0 5W 5% CF E12 Series £0.95/100 

WOO5 1 5A 50V £0.13  025W 1% MF E24 Series £1.72/100 

WO2 1.5A 200V £0.20 POTS Log or Lin 470R - 1MO 25mm dia 0.25in 

BR32 3A 200V £0.36 ERE Er £0.42 
a nciose OT 

BR62 6A 200V £0.70 avart 100R 1MO015W £0.15 
1004 10A 400V £1.39 PRESETS Skeleton Horz 

or Vert 100R . 1MO 0. 1W £0.11 


+ PLEASE STATE VALUE REQUIRED + 


COMPUTER ACCESSORIES 


Parallel Printer Lead 2m 


£6.90 


DIODES 
Zener Diodes 2V7--33V 


. 82Y88400Mw £0.08 
RS232 Lead (all pins) Male - Maie £3.75 
RS232 Lead (all pins) Female - Male 63,80  BZX851 3W £0.14 
Centronics 36 Way Lead Male - Male £4.78 | 1N4001 £0.06 
Gender Changers 1N4002 £0.07 
9 Way D Mini Female to Female £1.81  1N4003 £0.07 
9 Way D Mini Male to Male £1.98  1NA4004 £0.07 
25 Way D Mini Female to Female £2.23 
25 Way D Mini Male to Male £2.23 PAGO? EDT 
1N4006 £0.08 
9 Way D Female to Female £2.33 
9 Way D Mele to Male £2.33  1N4007 £0.08 
25 Way D Female to Female £2.71 1N5400 £0.09 
25 Way D Male to Male £2.71 1N5401 £0.09 
Adaptors 1N5402 £0.09 
9 Way Male 16 25 Way Female £271 1N5404 £0.11 
9Way Femaie to 25 Way Maie £2.71 1N5406 £0.11 
25 Way Male to 9 Way Female £2.33  1N5407 £0.14 
25 Way D Male to 36 Way Centronic £3.56  1N5408 £0.15 
25 Way Nult Modem Female - Female £3.02 1N914 £0.06 
25 Way Nui! Modem Male to Female £3.02 1N916 £0.06 
25 Way Nuit Modem Male to Maie £3.02 : 
R5232 Surge Protector Male - Female £6.12  !N4148 £0.05 
RS232 Jumper Box Male to Female £3.02  BY133 £0.13 
RS232 Tester (7 LEDs) Male - Female £6.59  OA47 £0.28 
Data Switch Boxes 0490 £0.07 
Serial Switch box - 2 Way A’B £9.20 OA91 £0.10 
Serial Sienna d Way 02 r an 
enat Switch box - ay A/BYC/ 
Serial Switch box - Cross over £19.63 Ei A pb 
Parallel box - 2 Way A/B £11.84 ` 
Parallel box - 3 Way A/B/C/ £1711 BASI £0.10 
Parallel box - 4 Way A/B/C/D £78.43 | 1N4149 £0.06 
Paralle! box - Cross over £20.42  OA200 £0.10 


4000 £0.17  2N1613 £0.31 
4001 f0.21  2N1711 £0.26 
4002 £0.17  2N1893 £0.29 
4006 £0.40 2N2218A £0.28 
2007 e 2N2219A £025 
i 2N2222A £0.16 
A009 £0.19 2N2646 £0.80 
4010 £0.23 2N2904A £0.25 
4011 £0.26 2N2905A £0.23 
4012 £0.16 2N2907 £0.20 
Wi Bà nS Ss 
4015 £0.31 2N3054 £0.90 
4016 £0.18 | 2N3055 £0.62 
4017 £0.27 2N3440 £0.50 
4018 £0.27 2N3702 £0.09 
4019 £0.19 2N3703 £0.10 
4020 £0.31 2N3704 £0.10 
4021 £0.31 2N3705 £0.10 
4022 £0.32  2N3706 £0.10 
4023 £0.16 | 2N3771 £1.44 
4024 £0.21 2N3772 £1.51 
4025 £015  2N37?3 £1.78 
4026 £0.59  2N38!9 £0.40 
4027 £0.18  2N3820 £0.58 
4028 £0.22 2N3904 £0.10 
4029. HSE. „saca ARIO 
4030 £0.17  2N3906 £0.10 
o» Ba ner foa 
4033 — £0.86  SN5321 £0.57 
4034 £1.24 2N6107 £0.60 
4035 £0.31 AC126 £0.30 
4040 £0.29 : 
AC127 £0.30 
4041 £0.31 AC128 £0.28 
4042 £0.22 AC187 £0.45 
4043  f0.28 Acigg £037 
4048 £0.31  Api62 £0.92 
4049 £0.20  g(c107 £0.14 
4050 £0.20 ` 
BC107B £0.15 
4052 £0.25  pci108A £014 
4053 . f0.25  gpc108C  €t016 
4054 £0.56 BC109 £0.14 
KG Pa BC109C — £017 
SUS LO 4 BC114 £0.41 
4063 £0.29  pc115 £0.41 
4066 £0.18  pc116 £0.41 
4067 f1.91 gC118 £0.41 
2008 L BC132 £0.36 
. BC134 £0.36 
2 us pat 
E BC140 0.25 
4072 £0.17 BC141 £0.27 
4073 £0.17 BC142 £0,31 
oe By Es ma 
; BCi4 £0.21 
pir AM BC154 £0.36 
4081 0.14 BC157 £0.12 
4082 E0.21 BC159 £0.12 
4085 £0.28 BC160 £0.28 
4086 £0.26 BC170 £0.16 
4089 £0.55 BC170B £0.16 
4093 £0.30 BC171 £0.11 
4094 £0.31 BC171B rs. 
4095 £0.56 RC172 d 
4097 £1.20 Edi Ed Pls 
4098 CD 25 ` 
4099 £0.38 BC178 £0.18 
4502 £0.38 BC179 £0.17 
4503 £0.31 BC182 £0.08 
4508 £0.90 BC!82L £0.08 
4510 £0.26 BC182L8 £0.08 
4511 £0.32  BC183 £0.08 
4512 £0.32 BC183L £0.08 
A514 £077  BC183LB £0.08 
4515 £0.98  BC!84 £0.08 
4518 £0.27 TRIACS 
4520 £0.26 
4521 £0.62 Z0105DA £0.42 
4526 £0.40 TIC 2060 £6.65 
4527 £0.40 TIC226D £0.73 
BTAOB-600B £0.84 
4528 £0.40 
4529 £0.44  TIC2360 £0.96 
4532 £0.32 DIAC £0.20 
4534 £2.4 VOLTAGE 
4536 £1.00 
4538 £0 37 REGULATORS, 
4541 £0.33 78,05 £0.24 
4543 £0.46 78112 £0.24 
4555 £0.34 78115 £0.24 
4556 £0.34 79105 £0.28 
4560 £1.18 79112 £0.28 
4566 £1.96 79115 £0.28 
4572 £0.25 7805 £0.28 
4584 £0.24 7812 £0.28 
4585 £0.32 fone en ae 
4? 
ZA Eo) 7912 £0.38 
40106 £0.31 
7915 £0.38 
40109 £0.50 LM217T £0.65 
40163 £0.46 UM723 £0.29 
40174 £0.34 |) 00Cv £1.16 
40175 £0.36  (14323K £2.70 
40193 £0.60  |w33BK £552 
OPTO DEVICES 
5mm Red LED £0.09 
5mm Green LED £0.10 
5mm Yellow LED £0.40 
5mm Orange LED £0.10 
3mm Red LED £0.08 
3mm Green LEO £0.12 
3mm Yellow LED £0.13 
3mm Orange LED £0.13 
5mm Flashing Red £0.50 
5mm Flashing Green £0.54 
5mm Bi Colour £0.36 
6mm Tri Colour £0.48 
5mm Plastic Bezel £9.94 
3mm Plastic Bezel £0.05 
0.3” 7 Segment Display Red 
common anode £1.14 
common cathode £1.14 


uF 16V 25V 63V 100V 450V 
0.47 - ~ £0.05 £0.07 - 
10 - - £0.05 £0.06 £0.15 
2.2 - £0.05 £0.06 £0.18 
47 - - £0.05 £0.08 £0.30 
10 £0.05 £0.05 £0.06 £0.08 £0.48 
22 £0.05 £0.05 £0.09 - - 
4? £0.06 £0.06 £0.11 - - 
100 £0.06 £0.09 £0.11 
220 £0.09 £0.12 £0.31 
470 £0.15 £0.19 £0.57 
1000 £0.22 £0.29 - 
2200 £0.37 £0.57 - 
4700 - £1.11 - - 
ELECTROLYTIC AXIAL CAPACITORS 
uF 16V 25V 63V 100V 450V 
0.47 - = - £0.15 - 
10 - - £0.10 £0.10 £0.19 
2.2 - -- £0.10 £0.10 £0.22 
47 £0.03 £0.10 £0.10 £0.34 
10 ~ £0.12 £0.12 £0.12 £0.48 
22 - £0.08 £0.13 £0.17 £1.06 
47 £0.10 £0.11 £0.16 £0.20 £1.33 
160 £0.10 £0.13 £0.21 - £2.46 
220 £0.13 £0.18 £0.42 - - 
470 £0.21 £0.24 £0.69 - - 
1000 £0.33 £0.40 £1.05 - ~ 
2200 £0.52 £0.64 - - - 
4700 £0.90 - ~ - - 





Please add £1.25 carriage to all orders and VAT (17.5%). 






Officál orders from schools & colleges welcome. 


CALL IN - OPEN: MON-FRI 8.30-5.00 SAT 10.00-5.00 


ORDERING INFORMATION 
All prices exclude VAT. 








No minimum order charge. 
Free Computer listing with all orders over £5.00. 


Please send payment with your order. 


B PO/Cheques made payable to III 
| ESR Electronic Components VISA 


w"" Access & Visa cards accepted 
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COMMUNICATIONS IN EUROTUNNEL'S 
HOSTILE SUB-SEA ENVIRONMENT 





uroTunnel, running 91 m below the waves of the English 

Channel, is the seabed umbilical which has finally recon- 
nected Britain to Europe after a severance of many thousands 
of years. 

There are three tunnels, each 25 km long, linking Cheriton 
near Folkestone in the UK and Coquelles, near Calais, in France. 
Two running tunnels are for trains, and a service tunnel for 
maintenance staff and maintenance vehicles, which can also 
provide an emergency evacuation route. 

The two terminals have large rail loops with loading and un- 
loading platforms. Shuttle trains which are 750 m long operate 
at 140 km/h through the tunnel and circulate the loops at the 
terminals, providing a continuous service for transport of cars, 
coaches and lorries. 


Tourist wagons 

The shuttle trains are made up of rolling stock which comprises 
HGV (heavy goods vehicles) wagons, and double or single-deck 
Tourist Wagons. International freight and passenger trains be- 
tween London and continental destinations traverse the tunnel 
at 160 km/h. 

The complexity of operating a major utility of this magnitude 
has made heavy demands on the design of the communications 
equipment required for the enterprise. In December 1989, the 
Anglo-French construction company, Trans-Manche-Link (TML), 
awarded the channel tunnel communications contract to Motorola 
Land Mobile Products Sector (LMPS), based at Basingstoke in 
southern England. 


Dedicated team 
The considerable scope of the TML communications require- 
ment to be met by Motorola necessitated the setting up of a ded- 
icated channel tunnel team at Camberley near Basingstoke, 
which was supplemented by a hardware and software design 
group located at Copenhagen in Denmark. The combined teams 
have been working closely with TML to design, develop, manu- 
facture and maintain systems designed to operate for 20 years. 
Five integral radio systems are involved; this article is con- 
cerned primarily with the concession radio system and the shut- 
tle internal radio system, both of which were designed at Camberley. 
The five systems comprise: 
1. Concession radio. 
Designed at Camberley and manufactured at LMPS head- 
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quarters, this system provides general communications for 
terminals in the UK and France and both running and ser- 
vice tunnels. 

2. Track-to-train radio. 
Designed in Denmark and manufactured at Basingstoke, 
these radios provide communications between the shuttle 
train driver and control centres in the UK and France. 

3. Paging. 
Manufactured by the Motorola Paging and Wireless Data 
Group in Boynton Beach, Florida, the paging system pro- 
vides communications for management and maintenance 
personnel in UK terminal areas. 

4. Shuttle internal radio. 
Designed at Camberley and manufactured at Basingstoke, 
this system provides a VHF link to car FM radios and on- 
board driver to captain. 

5. Radiating cable (leaky feeder). 
This comprises 300 km of tuned UHF cable, of French manu- 
facture, installed in the running and service tunnels and 
shuttle vehicle. It acts as an antenna for the transmission 
and reception of radio signals from track to train and con- 
cession trunked system, while another application is for the 
shuttle internal radio. 


Design guidelines 

System reliability and security were prerequisites in the design 
parameters adopted. Redundancy in design and architecture 
was an overarching requirement with duplication of all major 
items of control equipment, in such a way that radio access is 
available at any site if a failure occurs. To this end, the track- 
to-train system uses a hot standby configuration with one con- 
trollerin the UK and the otherin France. The Concession System 
design arranges that each radio base station is connected to two 
separate trunk controllers. 

The transmission system bearer network interface has been 
arranged to support this philosophy and architecture as evi- 
dent in the alternate connection of ‘odd’ and ‘even’ base stations 
and the use of alternating base transmission frequencies on the 
Concession System. 

Anumber ofissues arose owing to the complexity of frequency 
planning and different usage by the UK and France of the UHF 
band as well as blocking and intermodulation problems caused 
by close proximity of equipment in the tunnel environment. 
These were resolved after prolonged discussion of the plan. 


Tough specification 

All equipment designed for use in the EuroTunnel has to meet 
severe environmental criteria. These are much akin to those naval 
equipment must sustain in tropical usage and imply a marine 
climate with high humidity and a saline atmosphere. Temperatures 
may approach 35 °C with high humidity in the equipment rooms 
towards the centre section of the tunnel system. 

In consequence, equipment racks have been fabricated from 
2.5mm marine-grade stainless steel, while all radio and ancil- 
lary equipment is fully sealed against ingress of dust and metal- 
lic particles, particularly from brake shoes, the necessity for 
adequate ventilation of units having been taken fully into con- 
sideration. 

The vibration requirements apply not just to on-board equip- 
ment but also to trackside equipment which will be affected by 
the continual passage of trains at up to 160 km/h. Protection 
is needed to counter the very high electromagnetic field created 
by the shuttle locomotives, which is in excess of the normal op- 
erating RF/EMC (electromagnetic compatibility) environment 
of radio equipment and is similar to that specified for military 
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eguipment. 

Particular attention has been paidto earth bondingofeguip- 
ment and the introduction of EMC/RFI (radio freguency inter- 
ference) filters in all control lines to radio base station. All major 
items of control and radio equipment have therefore been tested 
against IEC (International Electrotechnical Commission) spec- 
ifications and ETSI (European Telecommunications Standards 
Institute) Res 9 guidelines. 


Fire hazard 

The considerable experience gained from operation of London 
Underground has brought to the project an awareness of the 
dangers of fire hazard in underground systems. Therefore, a 
high degree of fire retardency and halogen-free materials have 
been specified for all exposed equipment and cabling. 

The Concession Radio System, which is based on a conven- 
tional multi-site, multi-channel MPT1327 trunked radio sys- 
tem, provides general communications in all three tunnels for 
operations and maintenance staff and to despatchers in the UK 
and France rail control centres. 

The staff are equipped with hand portable transceivers and 
provide a back-up system for the EuroTunnel train drivers; they 
are also fitted in the shuttle terminal transport vehicles that op- 
erate in the service tunnel. 


Control channels 

Therew are two separate control channels available at each base 
station. Each supports a number of traffic channels providing 
both speech and data communication between operations and 
maintenance hand portables, and to the control centres, and 
speech between mobiles and portables and the PABX (private 
automatic branch exchange) network and also outbound PSTN 
(public switched telephone network) connections. 

The types of speech call supported are: individual speech 
calls, group speech calls, group broadcast calls, despatcher 
calls, PABX calls and outbound PSTN calls. The data calls sup- 
ported are: status calls, despatcher data calls and mobile text 
messages. 

The architecture of the Concession System divides it into 
three areas: the UK Terminal (one base site); the Tunnel Zone, 
incorporating all three tunnels; and the French Terminal (three 
base sites). 


There are 35 radio base station sites each serving all three 
tunnels. Each radio base station comprises two sections, each 
controlled via the bearer network from separate trunk controllers 
to provide redundancy. In the terminal areas, the base stations 
use conventional antennas, whereas in each of the three tun- 
nels each base station is connected to the leaky feeder. 

A tunnel site serves a 1500 m tunnel section and is linked 
separately, via bearer circuits, to trunk controllers in both the 
French and UK terminals. Odd-number tunnel sites are con- 
nected in parallel before presentation to the respective trunk 
controllers, as are the even-number tunnel sites. 


Internal radio 

The Shuttle Internal Radio System is a hand portable to hand 
portable radio system for use within the EuroTunnel tourist 
wagons. It can also be accessed from the Train Captain's Control 
Panel position in each locomotive cab. 

The system can be used to provide public address and in- 
tercommunications and to act as an emergency telephone. Leaky 
feeder cable is fitted throughout the train connected by PCM 
(plug compatible manufacture) links in each wagon and termi- 
nated at each end of the train by a repeater base station fitted 
in the locomotive. This enables the crew to use their hand portable 
when moving throughout the train. 

The portables transmit on a common base receive frequency 
on one of 20 available CTCSS (continuous tone control squelch 
system) channels and each end repeater votes its locally received 
signal against the remote received signal, routed via the through- 
train PCM link. Each end repeater transmits on one oftwo base 
transmit frequencies, and the portables scan on each of the 20 
channels between these two frequencies. This is necessary to 
provide coverage over the length of a full rake (a line of wagons 
coupled together as one unit) train as the losses in wagon cou- 
plers preclude coverage from one end of the train only. 

Tourist trains are provided with a VHF FM (88-109 MHZ) 
transmitter and tape system to provide two channels of prere- 
corded audio, one in English, the other in French, for reception 
in tourist vehicles. This is known as the On Train Passenger 
VHF Service. It makes use of the leaky cable system provided 
for the Shuttle Internal Radio System. 
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DATA ACOUISITION WITH THE PC 


TIME/DIU | H 
2.0 psec 
4,0 psec 

10.0 psec 

20.0 msec 

30.0 hsec 
0.1 nsec 
0.2 nsec 
0,5 nsec 
1,0 nsec 
2.0 nsec 


9.0 nsec fo 
Qn 


LOW COST: HANDYPROBE 


Connect the HANDYPROBE to the parallel printer port 
of the PC and start the software. Measuring can be 
carried out at once. The HANDYPROBE does not need 
an external power supply. Some technical parameters: 
0.5-400 V software H: 

select input range; K aaa, 

one input channel; 

8 bits resolution 

(overall accuracy 2%); 

A complete software 

program consisting of 

a digital 

storage oscilloscope, 

spectrum analyzer, 

voltmeter and a 

transient recorder 

Is provided. 

The HANDYPROBE is 

eminently suitable for 

servicing and 

educational purposes. 


MULTIFUNCTIONAL: TP5008 


The TP5008 is an interface card 

that provides an analogue 

output in addition to two input 
channels. This output in 
combination with the two 

inputs may be used for the 

setting up of a complete 

control loop. The output a 
may also be used asa ^ p 
function generator. 

The TP5008 has a 

resolution of 8 bits 

and a sampling rate 

of 200,000 samples/ P 
sec (200 kHz). The input range may be set to 0.5-20 V 


full-scale deflection. The output range covers 1.25-2.5 V. B 
îi The TP5008 is fitted with BNC connectors and is 


| delivered complete with a user manual and software. 
| Separately available are 1:1-1:10 probes 
Z and 1:100 oscilloscope probes. 





n writ 


Interested? The 


INSTRUTEK (UK) 


Z software is provided. 


e or fax for a FREE demo diskette to 


TiePie engineering manufactures a complete 
range of computer-controlled measuring instruments. 
Connecting these units to a PC (MS DOS 3.0 or higher) 
results in a number of compre- 

hensive test instruments: 


All measured data can be stored cu 7 | 
on disk or run off for documentation. Because of the 
many trigger possibilities, a variety of signals can be 
measured, while the powerful software enables a 
multitude of measurements to be carried out in a 
straightforward manner. Application areas include: 
service; medical research; automatic test systems; 
research and development; and education. 


BEST PERFORMANCE: HANDYSCOPE 


The HANDYSCOPE is connected to the parallel printer 
port. This makes it possible to carry out measurements 
with a laptop or notebook PC. Because ofits high 
resolution (12 bits), the HANDYSCOPE is a very accurate 
instrument. The measuring rate is 100,000 samples/sec. 
Either of the two channels can be set independently 
over a range of 0.5-20 V (with a 1:10 probe up to 200 V). 
The advanced software enables many measurements to 
be carried out. Two probes (switchable 1:1-1:10) are 
provided. The HANDYSCOPE is constructed as a small 
table model with two BNC connectors. 

The length of 

the cable 

linking the 

PC and the 

HANDYSCOPE ADM 

is 1.8 m, E a — 
which can be TU 
extended 

to 3.8 m. 


/ 


VERY HIGH SPEED: TP208 


The TP208 is an interface card 
with a measuring speed of 
2x20 Megasamples/sec 

(8 bits). Phenomena shorter 
than one millionth of a 
second can still be 

measured well. 

The completely digitized 
triggering ensures very 
stable triggering with 

many trigger 

possibilities. 

The TP208 has an 

input range of 

5 mV/div to 20 V/div in 12 steps and an auto calibration 


B function. Since both channels may be sampled 
i simultaneously, phase differences can be measured 


very accurately. Even single phenomena can be 
measured since each channel has a c um 
32 KByte memory. Comprehensive £595 
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DOLBY SURROUND 


What is it? How does it work? 


Based on an article by D. Laues 


A description of Dolby Surround must of 

ecessity start with its background, 
which is in film making. The production of 
film sound is different from music-studio 
practice, if only because it evolved separately 
and, for the most part, earlier. The film in- 
dustry developed facilities for recording, 
synchronization amd complex mixes from 
several sound sources long before the first 
multi-track sound only reproduction equip- 
ment was developed. In fact, many of these 
techniques antedated the advent of mag- 
netic recording. When filmmakers could not 
find equipment to implement those tech- 
niques, they invented and built it them- 
selves. 

One of the most complex systems in the 
film industry was Cinerama (an early form 
of widescreen cinematography shot with 
three adjacent cameras for presentation with 
three projectors on overlapping panels to 
form a continuous picture and using seven 
sound tracks). However, for financial and 
production reasons, film makers looked for 
alternative systems. 

Involvement ofthe audience is what films 
endeavour to achieve and it does not matter 
whether the means to that end is dramatic 
or technical. Placing sound sources around 
the audience has been used universally for 
almost a decade. But the history of surround 
sound started with the 35 mm four-track 
format, which had, however, a narrow and 
therefore slightly noisy surround track. It was 
adequate for loud sounds, however, and when 
it was not in use, a pilot signal on the track 
shutitoff. Fims in 70 mm gave full-width qual- 
ity on the surround track, making it possi- 
ble to use subtler sounds and effects. 

One of the systems to evolve in the mid 
1970s was Dolby Stereo™, which was first 
used in the film Star Wars. In this system, 
the stereophonic reproduction is extended by 
a centre channel at the front and a surround 
channel at the rear of the audience. The cen- 
tre channel serves to close the gap between 
the left-hand and right-hand channels; it 
makes dialogue more intelligible and more 
natural. The surround channel gives the 
sound a spatial effect. In cinemas the surround 
channel is usually reproduced by a number 
of small loudspeakers that are placed in the 
form of a U at the back and sides of the the- 
atre. This system is widely used, because it 
places the information of the four channels 
on only two tracks of the film, which makes 
copying simple (which is, of course, impor- 
tant for the film industry). Moreover, it makes 
Dolby Stereo fully compatible with nor- 
mal stereo, which means that films made in 
Dolby Stereo can be run by astandard stereo 


installation ( special effects are, of course, not 
heard then). 

At the time of writing (mid 1994) more than 
4000 feature films use Dolby Stereo. Since 
these films can be viewed at home, either on 
TV or by video cassette, the Dolby Laboratories 
introduced, in 1982, a system for consumer 
applications: Dolby Surround™. This early 
system was followed in 1987 by Dolby’s Pro 
Logic decoder, which is similar to the pro- 
fessional Dolby Stereo system as far as char- 
acteristics and quality are concerned. 


How does it work? 


A simplified block schematic of a Dolby 
Stereo encoder, used in the film industry, is 
shown in Fig. 1. It shows how the four chan- 
nels are combined into two film sound tracks. 
As far as signals in the centre channel are 
concerned, this is fairly simple: they are at- 
tenuated by 3 dB and then added, in phase, 
to the left-hand and right-hand channels. The 
signal in the surround channel is also at- 
tenuated by 3 dB and then passed through 
a bandpass filter, which limits the frequency 
band to 100 Hz to 7 kHz. It is subsequently 
applied to a Dolby B compressor and then, 
phase shifted by —90°, to the right-hand chan- 
nel, and by +90° to the left-hand channel. The 
chopping of frequencies below 100 Hz in the 
surround channel is to protect the surround 
speakers, which are usually a deal smaller 
than the front speakers and thus unable to 
handle these low tones. The limiting to 7 kHz 
and the compressing provide the required noise 
reduction. Both measures ensure that any 
sibilant splatter caused by phase and amplitude 
errors in the centre channel are reproduced 
via the surround channel (which would be 
both unnatural and annoying). 


Matrix decoder 


A decoder is required to derive the original 
four channels from the two film sound 
tracks. This may be an active device (to 
which will be reverted) or a passive, so-called 
matrix, decoder. In the latter, the two mis- 
sing channels are regained mainly by ap- 
plication of sum and difference processes. The 
basic design of such a decoder is shown in 
Fig. 2. Itis seen that the left-hand and right- 
hand channels are derived directly from the 
two sound tracks, while the centre channel 
is formed by adding the two sound tracks 
together. 

The process of obtaining the surround 
channel is rather more complex. The dif- 
ference of the two sound tracks is delayed 
by 20-60 ms, so as to make it impossible for 








the listener to determine the exact (sound) 
location of surround speakers close to him. 
This is essential, because the first wave 
front must come from ahead, since that must 
remain the direction of orientation. 

The signal is then passed through a band- 
pass filter, after which a Dolby expander 
restores the original dynamics. 

The main advantage of a passive decoder 
is the simplicity of its design. A drawback 
is, however, that the design does not provide 
good channel separation. The maximum at- 
tainable separation between the four chan- 
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nels is shown in Fig. 4. 


Pro Logic (active) decoder 


Analysis of the output signals of a matriz 
decoder shows various weaknesses: the two 
main channels contain information not only 
from left and right tracks, but also con- 





UU or stereo | 


DU 595 somon] 


PRO LOGIC 


940059 - 11 





stituents from the centre and surround chan- 
nels, since these have not been filtered out. 
Moreover, the surround channel contains con- 
stituents from the difference signal, while 
the centre channel contains parts of both the 
left and right track. 

Itisclearthat the main task of an active 
decoder is to improve appreciably the chan- 


left-hand 
track 
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| right-hand 
track 
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nel separation. This is why itis provided with 
dynamic direction compensation. The Pro 
Logic decoder analyses the composition of 
the signal as far as phase, amplitude and fre- 
quency are concerned and generates the 
necessary correction signals. If, for instance, 
ata certain instant the left-hand and right- 
hand signals are identical in amplitude and 





centre 


surround 
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expander 





right 
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Fig. 1. Simplified block diagram of a Dolby Stereo™ encoder. 
Note that this is used only in the film industry. 
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Fig. 2. Block diagram of a Dolby Matrix decoder. Note that this 
also is for use with film sound tracks only. 
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phase, the decoder rightly acts as if this 
mono signal belongs in the centre channel. 
It then increases the gain ofthe centre chan- 
nel and lowers that of the left-hand and 
right-hand channel to ensure that the total 
sound volume remains the same. 

Active decoders usually have four volt- 
age controlled amplifiers, whose gain is ad- 
justed by the programme material. This se- 
lective amplification increases the channel 
separation between the main and auxiliary 
channels from 3 dB to 35 dB. Although some 
perfectionists feel that this is still a low fig- 
ure, practice has shown that greater chan- 
nel separation is not necessary, since the four 
channels form a unified sound source. 

The block diagram ofthe Pro Logic decoder 
is given in Fig. 3. It shows that the basic ma- 
trix and preliminary processing of the sur- 
round channel signals are identical to those 
of Fig. 2. An addition is the dynamic direc- 
tion compensation which controls the four 
voltage-controloled amplifiers (VCAs). In 
the very latest types of decoder, the entire 
signal processing and compensation are ef- 
fected by digital levels. The audio signals are 
converted into digital levels by an ADC (ana- 
logue to digital converter) and processed by 
a signal processor and suitable algorithms. 
Filtering and gain control are also by digi- 
tal levels. The signal delay ofthe surround 
channel 1s effected by DRAMs (dynamic 
random access memories). 

The channel separations obtained with 
a Pro Logic decoder are shown in Fig. 5. 


Domestic surround 


As mentioned before, since Dolby Stereo 
makes use of only two sound tracks, the 
sound may be reproduced by any standard 
stereo installation to which a decoder and 
an additional pair of loudspeakers have 
been added. This compatibility with stereo 
is perhaps the strongest point of the system: 
it enables the pleasure of listening to sur- 
round sound to be removed from the cin- 
ema to the living room. 

Apart from the fact already mentioned that 
thousands offeature films have been made 
in Dolby Stereo, there are many CDs avail- 
able with original Dolby Stereo film sound 
tracks (continental Europe: 300+; UK 1000+; 
USA: thousands). And, of course, many of 
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Fig. 3. An active decoder provides dynamic direction compensation, which 
analyses the signal and continuously adjusts the output levels of the 
four channels via voltage-controlled amplifiers (VCAs). 


these film are shown on television. As the 
TV stations broadcast the original film sound, 
this can be reproduced in the living room. 
Consequently, there is a plethora of suit- 
able decoders available from all self-re- 
specting manufacturers: Denon, JVC, Pioneer, 
Sony, Tshiba, Yamaha, and many others. 
Prices are coming down, too. 

Most of these decoders have a number of 
additional features. Often there is an inte- 
gral noise generator which is useful for ad- 
justing the levels of the four channels. An 
auto balance compensates for differences 
in output level of the TV. And, of course, 
there is the inevitable remote control. Some 
decoders also have provision for connecting 
a subwoofer: the necessary cross-over filter 
is already fitted in the decoder. Whether a 
subwoofer is required depends, of course, on 
what speakers are already available with the 
existing audio system. 

When buying a decoder or decoder/ampli- 
fier for Dolby Surround, make sure that the 
unit carries the original Dolby logo preceded 
by the two mirrored Ds and Pro Logic un- 
derneath it as shown on the preceding page. 
Whatever the salesman tells you, equip- 
ment that is not so fitted or which carries an 
incomplete logo is suspect and should not be 
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bought (at least not for the present pur- 
pose). 


Loudspeakers 


A typical loudspeaker array as used in cin- 
emas is shown in Fig. 6. To the main speak- 
ers for the left-hand and right-hand chan- 
nel have been added one or more speakers 
forthe centre channel and a series of smaller 
speakers for the surround channel at the rear 
and sides of the theatre. 

The setup in a domestic living room is rather 
simpler as shown in Fig. 7. Two small speak- 
ers for the surround channel and one for 
the centre channel in addition to the exist- 
ing stereo speakers are normally sufficient. 

There may be some confusion as to what 
type of loudspeaker should be used for the 
surround systems. À number of manufacturers 
offer special sets of speakers and many peo- 
ple will wonder whether there is a need for 
these. The answer is yes and no. No, em- 
phatically no, as regards the main speakers 
which should be standard hi-fi units: normally 
these will be the existing ones. As far asthe 
surround channel is concerned, the usual hi- 
fi speaker is really too good for this, since the 
frequency range is limited to 100 Hz to 7 kHz 
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Fig.4. The channel separation provided by a passive 
decoder is not particularly good. 
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Fig. 5. The control system of an active decoder 
substantially improves the channel separation. 
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e PWL non-linear enhancements saves calculating polynomial coefficients for those awkward functions. 


Make sure you know what you are missing by asking us for a copy of the demonstration program and booklet. 
Subscribers to the SpiceAge maintenance service will be receiving their new version along with a copy of the new 


manual. 


Please contact Those Engineers Ltd, 31 Birkbeck Road, 


LONDON NW7 4BP. 


EN 


Tel 0181-906 0155, FAX 0181-906 0969. 
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Fig. 6. In a cinema the additional channels are usually 
reproduced by quite a number of loudspeakers. 


(why use an expensive speaker that goes 
down to 40 Hz or even 20 Hz?) 

The importance of the centre channel 
must not be underestimated, because this 
is a real pillar of the Dolby system. Film 
makers correctly maintain that the centre 
ofthe sound ofa feature film contains much 
information, since there virtually all dialogue 
between actors and actresses take place, as 
well as much other action. It is at this cen- 
tre that a standard stereo installation pro- 
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vides no reproduction. Add to this thatin most 
cinemas the left-hand and right-hand speak- 
ers are (of necessity) far apart, and itis clear 
that many viewers find correct localization 
of the sound impossible. 

All this is, of course, not terribly impor- 
tant in the living room, but it illustrates the 
point that the speaker for the centre chan- 
nel must be of reasonable quality, although 
it need not be as large as the main speak- 
ers, because it does not handle so much bass 







centre 


e Surround Ef 
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Fig. 7. In a domestic living room, to the 
existing loudspeakers can be added 
an additional speaker for the centre 
channel and two small speakers for 

the surround channel. 


power (—3 dB with respect ton the main 
speakers—see Fig. 1). The best pplace for 
the centre channel speaker is near, but not 
too close to, the TV set. If too close, the mag- 
net of its drive unit may adversely affect 
the TV picture. Note, however, that there are 
speakers available with magnetic screening. 


Next month's issue will include a DIY decoder 
for Dolby Surround. 


Please mention ELEKTOR ELECTRONICS when contacting advertisers 


74HC589  0.92| 74HCT237 1.20, 74F10  0.28174AC251 0.600 7812FA 0.78 |35A/100V/Sq: 2.98;Freg.= MHz KM44C256AZ-10 6.95 
















—— 74HC590  1.20| 7TAHCT238 0.69| 74F11 — 0.28|74AC253 06017915 0.44 |KBPC1002  1.64|1MHz £8.90 ca. Tuswazpap.15 460 
as) 74HC592 1.241 74HCT240 0.53] 74F13  POAIZAAC258 0.60)7918 0.44 jKBPC3502 2.98 4.4.9152.6.8.9. 8304, |MK4116N-54 2.80 
m.' an 74HC593 1.89] 74HCT241 0.58) 74F34 . 0.36]74AC273  1.10|7924 0.44 |WO05-1A/50V 0.32 |^ - pma ' IMKA45854N-15 1.20 
gaa a 74HCS95  1.14| TAHCT242 1.24] T4F20 — 0.39|TaAC283  140|79L12A ^ 0.24 | WOZG-1,5A 0.40 |10.12.15.16, NMC3764N-15 1.60 
"Lit. 74HC597 1.10, 74HCT243 1.241 74F27 0.41} 74AC299  2.05|79MO05 0.42 | 2Wo2 0,40 18 182. 100608, UPD414640-12 420 
=a 74HC820  1.82| 74HCT244 0.54] 74F30  0.28|74AC373 094,79M05A 0:52 |2KBB10R/SIL 0.66|20: 24, 25 & UPD414640-15 420 
7TAHC623  1.48| TAHCT248 0.54| 74F32 0.281 74AC374 0921 79M12 0.44 |2KB820R/Sil. 0.70 |30MH2 UPD416C-2 3.40 

TEL 081-471 9338 TLX 929709 VICOM G FAX 081-552 0946  |74HC633 POA! 74HCT251 1.11] 74F37 — 0.51174AC377 0.98|79M12A 0.64 j880C1500/S9r0.35|Prlce: £3.52 ea. — |UPD416C-3 3.65 
74HC640 1.36] 74HCT253 1.111 74F38 0.44]74AC521 POA|L4805CV  3.40|B80C15008S1L 0.60 UPO446D-1 2 80 


74HC643  136j 74HCT257 1.11| 74F40 0.94/74AC540 098|L4940V5 — 6.40 | SKB6008/60A POA |32, 32.768, 33 33. 
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74HC646 1.88, 74HCT258 1.11) 74F51 — 0.94|74ACS41 0.98|LM317MP 0.98 | $KO6008/60A POA |40 & 50, 66MHz Satie RA 
?4HC64B8 1.88; 74HCT259 1.24} 74F64 1.24| 7440573  138|L MS317T 0.78 CRYSTALS 
WCG OSA 201687 9433174175 "1101748188 aliases POA 700651 149| TAHCT273 1.24|74F74 — 0.31|74ACS74 1.38|LM336k 4.5 | a ae Price: £448 ea. — oso WA 
GDS o SSi oet 679 l oaao TIE sarang 058 748794 POAITAHCE52 2.40! 7T4HCT280 1.29) 74F8S — 2.24|74AC646 POA|LT!0B4CTS 6.92 M77 (ONT PIO np 
40008 018/5] 44 A18BT 078 a AS Sasia} 9491 74187985 POAI?4HC658 POA 74HCT2BS 0.64|74F86  0.34|74AC648 POA|LT1OBSCTS 6.60 | Frag. MHz Programmable 5; i pio 2 40 
4000uB. ins 29. DOR Dn pes pa ee OA : 74HC659 POA| 74HCT297 1.48| 74F109 0.58 RC4I95N 2.40 |1.843200 1.60 Crystal 62256LP-12 4.98 
.QA513B 6.60 74185 1.76] 74LS192 0.54 7415796 POA 74C SERIES 2.000000 168| Oscillators 
40018 07 74HC664 POA| 74HCT299 1.68| 74F112 0.63 TL783CKC 6.98 |2. p. 
4514B 1.12, 40218T 0.65 | 74191 126| 74,8183 0.48) 74LS797 POA o 7ACOO 0.50 2 453200 9.96 62256LP-10 4.95 
4002B 0.18 BT 0 29] gpin DIL Plastic |CDMG117AE3 — 585 
40068 0.42/45168 0.44 pie bs 74193 165| 74L8194A 0.54] BILSOSA  1.25]5. 0657 POA) 74HCT365 1.28] 74F125 0.56| 74008 0.50 3.276800 0.98 Package HM1-61 16-5 4.38 
4007UB 02445178 T.R pasl 2221 Zao TALST9SA 056|  7iHC678 POA| 7aHCT366 1.34, 74F126 POA|74C!0 0.50 |TN2986RB 18.20 3.579545 — 1.10|eieo < MHz HM3-6716-5 360 
e^, 4 . : ` E 2.6116- i 
40088 — 04202195 Aa A028BT od So oe Tisa 0 4g Mis (rariceso POA, 74HCT367 o.s9|74F132 0.58| 74C14 POA SOSTA gee [2686400 — tO^| 1431818 16, |HMBI16LP:2 — 2.60 
4009AE 0.265208 0.44 4029BT 0.86 14273 POA 74,8224 10.30 74HCOD0 0.22174HC682 POA! 74HCT368 1.291 74F138 0.58 POST n 1N4001 0.04 Ke pis 16.384.19.6608 & |HM6116LP-3 2.60 
Sous R RT Sr Tere seras EE n IRE osel nnum Der ncm oso [ine dor nene aR S i 
40108 0.29 : | l : | HM62256LP-10 7.93 
4042BT 0,74 l 
40118 E iaa 086| 404687 1.41 E pui SC i dinti POR 74H004 — 0.22]74HC690 1.62| 74HCT377 0.65| 74F151 1.47, 74042 1.78 CE ooa [433619 110 jprice: £3.92 ea. — |HM6264ALP-12 395 
4011UB 0.28/13? pa Pie ioil 505 7418243  D50]/4"CU04 0.24 74HC691 1.82, 74HCT390 0.68] 74F153 0.58| 74C48 184 LUPUS 004]4808000 — 130]... HM6264ASP-20 395 
4oizAE 02049279 058 agr 106| 200 DOAI zaiSzaa oag ^ COS  0.32[74HC682 1.82, 74HCT393 0.68|74F157 0sa| 74073 1.68 | Aly — 005 4.91200 120 | iocis DIL Plastic (HME267.35 O 507 
40128 0.22 bis SA Baie 46 7aVS245 0501799007  0.48|74HC693 1.851 74HCT394 POA|T4F158 0.80) 74C74 0.89 )1N5148 002 |5.000000/S 1.02 Package HM6281281 P-80 
40188 0:22[15238 AG ee Rae rid ps 7a[S247 pOA|/4HCO8  0.22|?4HC696 182| 74HCT423 0.82| 74F160 0.90 poză 1.14 INA. 006 5.068800 — 1.10] programmable tor 18.55 
4014B  O42[ S  14g]40528T 084|74403 — POA|74LS248 POA|/4 C09  0.48|74HCG97  1.82| 74HCTS33 1.63 Bra POA oor MS Modan Ane S W 57 Ditt Frequency |HM65204L.12 1580 
40158 0.42 t 74áHC1O 0.298174HC698 1.82] 74HCT534 0.75| 74F161 0.88 N í ^ ` $ KM62256ALP-10 4.95 
40168  ozei5328 0.88 1397 OaS | 7aq23 o OA) 7415249  PO^|»4MCii 022 74HC699 1.82 74HCT540 0,66| 74F162 POA 74093 1.63 [1N4726A 024 [6.000000 ^ 1.02|sPG8640AN Er 
4016UB 02649948 282 77 oso Au, 5 OOO 7AHCIA — 025|74HC4002 0.48) 74HCTS41 0.74| 74F163 0.88| 740150 3.48 |1N4738^ 0246144000  t.02|9.008 to 600ktz lecons onp 330 
40178  0.38|/936B 1-88 40888T 0.38 | /4LS00 0.18 ees BA 7AHC14A 0.38|74HC4015 1.07| 74HCT563 1.46| 74F164 0.88] 74015! POA |1N4736A  0.24]6.400000 — 184) 55408 UPDA3256AGU10L 
40188 — Q.46/1938B 0.69 pg | 74LS01 0.24 S 74HC20  0.24|7aHC4016 0.58] 74HCT564 1.67|74F166 3.82| 740154 488 [IN4740A 0.24 [6.552000 14017 6083 to 1MHz 
UM 4069U8T 0.38 7418257 0.00 740157 302 |1N4743A 6.24165 21^ : 8.33 
aoi9B — Q.2g[19398 062 gr age 74-902 918] L 74HC21 — 0.24|74HC4017 0.60| 74MCTS73 0.74| 74F168 POA 24|6.553600 1. UPD432560.12. 5.80 
4020AE 0.36[541B 0.56 38 | zasoa 0.20, /4L9257A 0.48), 11055 0.24 74HC4020 0.52| 74HCTS74 0.241 74F169 3.60 740164 1.91 |1N4744A — 0.24 ]7.372800 —— 0.78|SPGB640CN 
40208 0,385498 0.57707 19T 239 | 74tso4 0.21) 74LS258 1007, 049  0.24]74HC4022 0.74| 74HCT583 1.48| 74F174 0.80] 740221 2.54 |!N4756A 024185000000 1.009000» R PM iuo SETS 
40218 080548 35870257 ga | 7aLsos  021|74L8298^ O48 lance 0.24|74HC4024 0.62| TAHCTSS7 1.52| 74F175  0.80| 740240 1.38 |IN32268 0098867230 1.34 UVPROMS 
4022B 040/9478 3.25 35 | zasos 0.51] 745259 POA) >  Q5a|T4HC402B 0.58| TaHCT640 1.941 74F181  6.85| 74C244 1.38 |!N52328 0.09 |9,830400 ^ 1.20|SPGB8650BN 
40238  0.200949B 7.60 ee 035 | 7aLsor 0.51] 748260 POM aho  o.32|74HC4040 0.48] 74HCTE4 197|74F182 POA 740373 1.88 |1N5234B 0.09 [10.00000 — 1,10900083 to 100kHz | 3.95 
4023U8 0,.23|5918 — T62 ay up 74LS08 — 0.8 Son BRA 74HC58  9.54174HC4046 1.44| 74HCT646 2.401 7aF189  4.40| 74C374 1.58 rùi, e 10.69500  1.90ipx0.600 27C64A-15 3.95 
4024AE 0.30 [5538 2.95 4094BT 0,95 | 74509 020) „(cz pon Z4HC73  0.38174HC4046A1.90| 74HCT648 6.40) 74F190 POA 740901 0.94 |! 9 BS ]|11.00000 — 1.1610.005 to 600kHz aang. «s 395 
40248 — 032/5348 POA on |74 S10 0.18 !|74HC74 — 0.28|74HCA4049 0.46| 74HCT651 POA| 74F191 2.92| 740902 0.94 |1N5352B 0.48 (1200000 092 27C256-25 3.95 
40258  opa[t5558 — 0821790087 205 |a o1: 0.18) 743279 C355 44 5,4 0.28 174HC4050 0.38| 74HCT652 POA| 74F192 POA| 740804 POA |1N53578 0.48 [13.87500 — 2«40|PXO.1000 |. cr i48 
5 * . K "4 "ns . 
4005UB 0.307559B 0.82 zapr vaa | 7ÂLSI2 0-18 can Ohe |7AHC75 0.48 74HC4051 0.74 74HCT670 1.10 74F193 2.92] 740906 0.94 Nosed O48 14.0000 1.09 ji above DIA, Boe 
40268 0094/5578 19872: 2. ag | 74LS13 0.24 z4(8280 POA|/4 C76  0.48|74HCa052 0.74) 74HCT673 POA 74F194 1.36 74C907 0.94 M aa 14.318+8/5 0.85 |price: c 9.25 ea. |o7C4026.12.— POA 
40278 030/9588 2.64 A&14BT 229 74:914  024| as 1aza|7AHC77  0.52|74HC4053 0.74| 74HCT688 1.10) 74F195 2.001 740908 1.5) VRG Géo 14.74560/S 1.10 | SPG8851BN MM27C101G-20 9.80 
40288  O.38[(9608 — 7687 cr 109 |/4t919 0.38 SS i7anca5 — 0.52|74HC4053A1.12| 74HCT4002 0.39| 747219 POA! 790911 13.98 OB  0.48]14.74560 — 1.10]0.00083 to 100xHz | iN 7 C4024HG10 
5618 — 1.96 9*|74L.920  0.20| 74.3793  0.32]544C86  0.30174HC4060 0.46| 74HCT4015 1.41| 74F224 POA) 790912 13.98 |1N5401 — 0.1! 15.00000/S 1.10 |Cal. Tol. 5ppm 


16.63 
HN27C64FP-20T 3 40 
HN27C64G-15 4.20 
HN27C84G-20 4.20 
HN462532P 4.50 


40298 0.39 5828 5.82] 4918BT 1.18 
40308 0.34 566B 4.19] 4520BT 1.18 
pois DOO 568B 5.82 4521BT 1.07 
4033B 0.68 572UB 0.84, 4528BT 0.88 


74LS294 14.58 
74,8295 POA 
7ALS295A POA 
74LS298 POA 
74LS299 1.76 


74LS21 0.20 
74,522 024 
74,824 0.68 
74.526 0.20 


74HC93 0.48 74HC4061 POA! 74HCT4016 0.52] 74F240 ogof 740914 0.94 |1N5462 — 0.1! |16.00000 1.02 |Price: £ 10.50 ea. 
74HC107  0.48|?4HC4066 0.59, 74HCT4017 0.68| 74F241 0.60) 740918 2.24 | T1N6287A 1.55 |16.00000/8 — 1.20 DC to DC 

74HC109 0.46|74HC4066A40.58| 74HCT4020 0.741 74F244 0.601 740922 5.60 | ÎN825 2.75 118.43200/5 1.10 |E 
74HC112  0.50|174HC4067 4.72| 74HCT4024 0.681 74F245 0.66; 740923 6.28 | INB25A 2.75 |19.66080/S 1.20 
74HC113  0.54|74HC4072 0.48| 74HCT4040 0.70] 74F251 POA| 740925 8.40 | 1N82? 3.14 120.00000/5 1.60 


4034B 210 74LS27 . 0.20 TDK CE-0344 5.60|HN4827128G-25 4.55 
40358 05215739F 6.98 D DR Bos 7ALS28 — 0.24 M eno el 74HC123  0.42|74HC4075 0.44| 74HCT4046 2.10) 74F251A 0.76] 740926 8.40 |199282 _ 020]2241840/5 1.68law5 15-15 2750|uNA82764G 380 
40368 29845808 — $84 aar 105 | 74930 08 T4HC123A 0.42 [74HC4078 0.46] 74HCT4051 0.96| 74F253 POA| 740929 POA [5082-2600 066|24.00000/5 1.92 eL sora 2340lyo7:5.1r: Mis 
40378 — 127/5818 EON T. e gpz | 46931 1.58) ea rA S 74HC125 0.42,74HC4094 0.78; 74HCT4052 0.96| 74F257 POA) 80C95 0.76 [5082-2810 1.40 |27.64800/S 1.20 waa eE 
4038B 07905058 POA ETT. poa | 79885 0.20 PALS342 POA|TAHC126 0.45/74HC4316 0.74] 74HCT4053 0.84! 74F257A 0.56| 80098 — 0.98 S maa [30.00000/5 599| 1 Wan DCDC  |meLz764x 3.30 
40398 3.220058 0:89 assegT 1.05 | 741933 AA  SOA|74HC13! 0:52|74HC4351 1.05] 74HCT4059 2.24] 74F258 POA aenep ; 95 [32.00000/5 140| sv Input :Output. |M8M27C64-20/21V 


40408 — 0.420998 asl asasBT oos 790597 0.50 74HC132  0.60174HC4352 1.62| 74HCT4060 0.84, 74F259 POA AATAS 0.72 48.000008 1.68} DIL & SIL by 4.90 








4041B 0.48 pera 0.3 | 74L838 0.18 ka. ae 74HC133 0.44|74HC4353 1.62| 74HCT4066 0.66| 74F260 0.76] 74800 0.68 ME 0.58 |S = Series Newport MBM27C128-30 4.20 
4041UB 0489978 a 4024487 1.35 | 72540 018| raaes pOA|TAHCI37  Q72|74HC4511 0.84) 74HCT4067 5.78| 74F269 9.541 74502 — 0.68 te Dis HC33/U NMA050525V MBM27C256-30 5.10 
40428 0.385988 7.40 ‘aq | 741942 032| TODOS POA|T4HC138 034|74HC4514 1.10, 74HCT4075 0.96] 74F273 0.96) 74803 — 0.78 [AA 0.48 | 0204800 8.23 |NMA050929V NMC27C256Q-25 


40373BT 2. 
40438 03919998 5.82 0373BT 2.34 


7208 POA 74 SERIES 
4 
40448 0.39 20V PC 


74L544 2431 
74.947 0.68 


74RC139  032|?aHC4515 1.85| 74HCT4094 0.841 74F280  0,70| 74804 0.68 | BAV10 0.08 10.307200 6.99 INMA0512«12V 


4.95 
74HC141 POA|?4HC4518 0.87| 74HCT4316 0.881 74F283 1.00] 74808 — 0.68 | BAV45 4.98 [1000000 3.95 INMAO0515«15V 


TALS3B5 0.53 
NMC27C64Q-25 3.66 


7 54 
40458 .10[i720Y POA 78007 038 74LS48 054 Eg pa |72HC147 0.68|74HC4520 0.78) TAHCT4351 1.04| 74F299 POA 74509 0.68 pula 0:06 1.843200 3.7) Price: £ 8.85ea.  |TMS2516JL-45 4.58 
40468 0.44 7401 0.30; 74LS49 POA 74L8366A POA 74HC148 0.72174HC4534 POA] 74HCT4510 1.54| 74F323 POA| 74810 1.10 F 2.000000 4.65 TMS27128JL-25 4.60 


744851 0.22 
74LS54 0.28 


40478  0.44[17248 0.38 7402 — 0.32 


A UD. bap 74HC151 0.40 74HC4538 0.68] 74HCT4511 0.941 74F350 POA| 7491! — 0.68 |BB204 9.52 [2097152  3.71| DC/DC Converters |riiS2718]L-48 460 
4048B 0.82 -80| 7403 — 032 


74L8367 0.38|7,10153 0.42 74404543 0.98| 74HCT4514 1.64] 74F352 POA) 74920 0.68 |BB212  2.48]2457600 ^ 1.921 by Computer 

























40498  0.30/737VP 19.60 7404 Oga) 74LS55 0491 71L5367A 038 7,4615. 062 74HC7001 101 TAHCT4515 381| 74F353 POA| 74832 0.68 |BE405B — O22 |3 500006 192! "Products (eodein id ee 
4049UB 0.20/738VP 19.74 7405 — 0.34| 74L973 — 0.25 74L3368 939 24MCis5 o2 |74HC7007 0.42 TAHCTaSTÓPOA| 74F365 POA 74838 0068/8809 ^ 080!5000000 ^ 225 pgs 24.60 |UPD27C2580-15 5.80 
4050B  0.28[1750VO 28.50 7406 ^ .68| 7aLS78A 0.791 /4L9368A POAL, 457 0.42|74HC7032 POA|74HCT45200.90| TaF366 POA! 74840  025|DY!79 — 0.42]  ucaoruan IPT 2670 appo T E ops 6 oe 
40518 — 0,34/7792VP 29.25 7407 061| 7ALS74 0.20) 72.8374. OAR 74HC188  0.54|?4HCTO74 POA| 74HCT4538 1.02| 74F967  142| 74851 0.36 | BY260-200 3-58 |, 276800 eg |PM672 26.70|UPD27C64D-25 495 
40528  033/4/93VP POA! 7408  0.37|74L974A 0.26| 7159274 04817 160. o74|r4HCT7240 0.98! 74HCT7007 0.39| 747368 POA! 74S64  0.36|BY261-200 3.98 | 7... O + s8 |PMS03 44.00 

40538  036/754VP POA) 7409 — o3B|74LS75 025, TMLSSTS 04 |74MCT61 0.42 |74HC7241 0.98, T4HCT7038 5.40| T4F373 0.60 74974 0.88 BYV28-100 0.99 Teak — 225 |PM951 4650|  EEPROMS 
40548 — 9,79/0085 POA 7410 — 035| 7aLS76 POA) L OU |TAMCIG2  Q74|74HC7244 0.98| TAHCT7046 2.80| TAF374 0.601 74986 — 0,83 BYV3e $0 7.57 Lacon 149 ua 

40558 0.620097 068 7412 — 0,64| 74LS76A 1.05|7 mda PR 74HC163  0.42|74HC7266 0.68| 74HCT40102 2.43| 74377  1.34| 748112 0.90 |CY8805 — 0.60 D 114 | RESISTORS | 2BC64-25 9.80 
40568 — 082/0098 — 068/74:3 — 076) 74L977  0.44| 74-2279. P5 |74HG164  0.42|74HCT292 1.10| 74HCT40103 t.48| 742378 2.72 749124 3.13 |DSI6C = O40]. 00000 225| METALFILM — 28C64-15 10.95 
aosoB 31540100 POA 7414 oaj 74LS78 0.32 7ALS3BTA POA |74HC165  0.55|74HCT294 1.10] 7aHCT40104POA| 74F381 5.70] 748132 1.11 MV1404 1890], oos 240) MTOM 20256220 1840 
ao6oB  0a8[i010! TOS 7a16  p.as| 74LS83 — 0.59] E DOA |74HCI66 0.88 /74HC7640 1.98| EZRES | zare poal 745132 0.80|WV209 1.20) ital — Ba Seis 28025615 19.60 
40638 0,580102 — 186 7417 048| 74LS83A 039] 75-2286 PO^IzaMCiz3 0.76 74HC7643 1.98 TT 74F395 POA! 748134 2.15 O^200 070) eooo 225) sont ta O [28256150 2850 
40688  O2750109 — 114 7420 — 0.37] 74L885  036| ^72 3*|z4HCi74 0.42|?4HC7645 1.95 EMPTIS: 74F399 POA! 745138 0.97 [04202 020| Sooo tal ot ema X2B16AD Sun 
40678  228[0105  POA|7a25 1.10 74LS86 026| [4.2393 lapse 0.36 |74HC40102 1.32, ARMES | 746412 POA 748139 0.97 |O^47 034|50.00000 Salca sean och DXB16AP-28 — 510 
40688  o2a[i0106 0.32 7426 oag] 74LS90 032| 20395  POhlzaHcie1 1.94/74HC40103 1.12441 Goom gap | 74.413 POA) 749140 1.02 |OA90 BAM. 06000. aoa o ^ aaas 1226 
4069UB 022/0107 — 0.42| 7427 0.59] 74L891 POA 95A POAITAHCIB2  0.59|74HC40105 1.4 K p35|74F432 POAJ 748153 139 |PEKESGA 088| 77 7 O O | ds agp i RS 
40708  0.22[40108 POA 7430  o.as|74LS92  POA|/4L8396 POA ani 0.88 mmi. 5024 052| arsa 105|748157 189 |PBKEATA 0.88 UM-1 M. rae 210 
40718. 0220109 1.24 7432 — 045 7aLS93 0407965398 POA) cig, 0.09 | RAM COSM 032 | zarea poal 7asia 2.79|REC53A 0.40 PRERIO. a 5.08 
40728  0.22401!0 1.62] z437 ^ 0.54| 741995 048) /4L9399 0.9215 C165 078 WAHCUOS — 032 | 74533 pOA| 749174 1.01 |2P027V 0-06 |a ogoooo 225 0.95 WATT 01% [ce 45 
«0738 028/0114 9.40 7438 — 046| 74LS96 — 0.82| 74.9223 0.981 cig 6.751 TAHCTO2 0.2444 CO8M — 0-327 |-.e:34 poA 748175 1149 Bigan00- 203) nce ME RAD. 448 
40758 0.220116 POA yaso — c77|74LS107 033| 74.9445 POA) 4HGig4 gzg|74HCTO3 0.2844HC10M — 032] 7,0537 POA! 748182 3.62| ZENERDIODES 050099 225| '00R to 285K l (44 
40768 0640117 — POA|z442 954 7ALS107A 0.78] 74.9450 10:68|-4,,C1o5 979] 74HCTO4 0.2444HC14M — 0.36] 5, c.58 Boal 745189 235 MISC. 1100000" -2,03 fire: FOSA uen sea 1,42 
40778  Qa[0147 123] 7445 — 112|74L8109 033| T4LS4G1A POA leancz sal 7AHCTOB O24] 020€ — 939 | 74539 POA 748195 2.64 1228800 266| icu PRECISION 193646 MR 
40788 028/0190 0.92 7446 138 74L8109A 0.66 74L9465 4181540237 0.76) 74HCTIO 0.2644 0.98 | 74F540 POA 748240 2.31 |BZY93C7V56.60 | 4500000 225| HIGH PRECISION DEVIS 1.52 
40818 02214018! 0.54! 7447 nagl 7aL3112 06.33] 74LS467 POA 74HC238 9.64) 74HCT11 0.24 aired 5.36 74F541 198) 748241 231 B2YIICIS 6.60 1.7 73447 280 MON DIRS Ala areh e 
40828 0.22: 0162 0.72 7447A 1.40| 74LS112A 0.86 74,8468 POA 74HC240 0.46 7AHCT14 0.2814HC74 0.36 74F543 357| 748244 1.95 B2Y93C18,6.60 18.00000 2.50 WIRE WOUND : 


———————————— J")——»——— na —— —————— QPQQÉO—————————— '——— ————————————'Ó€—Á—Á———————ÓÓM——MÁÓ— (—— 


741.5469 POA 74HC241 078) 74HCT20 0.28 4HC75M 0.34 


7éLS490 POA 74HCT21 0.2874HC85WM 0.65 
74HC242 0.98 
T4LSASg1A POA 74HC243 0.98 74HCT27 02014HC86M 9.36 


Ds Rs 7454 0.72] 74LS113A 0.42 
1 .42| 7470 0.54) 74LS114 0.36 
74L8540 0.80], c5;4 oag] 74HCT30 D0,2844HC:23AM 0.46 


018! 20] 74/2  p.aa| 74LS114A 0.40) Prec D 4HC125M — 0.46 
0:92 -62| 747 74LS122 9. - 74HCT32 0,28 ` 
7473 0.56 0.33! 74HC245 0.48 0.4844HC132M 0.42 


0163 0.72) 7451 0.57; 74LS113 0.36 74F544 POA| 748257 1.34 |BZY93C20 6.60 | a9 99090 225| 0-15 WATT 0.1% | MISC, MEMORIES 
74F545 POA 748258 1.34 | 8ZY93C24V6.60 [24 09000 2.25 ji , 
74F547 POA, 748260 0.77]|82Y93C33R6.60 24 cooo — 28| TemP.Coeflsppm | iy a58 
74F573 2.78, 745273 2.68 |BZT03C120 0.74 TORA PRETA a O Rad 
74F574 2.78] 748274 2.66 | 82X61C9V20.09 | CRYSTALS MISC. | 10K. 100K Wc 

74F579 6.59] 745280 1.06 |82X61C24V0.09 Price: £3.85 each |AM27S2B1PC _ 3.98 


4085B 0.56 
4086B 0.56 
4089B 0.98 
4093B 0.26 
49945 0.38 
40958 4.70 
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0194 POA esl zaleas 028 74L5573 1.02 Ñ 74HCT73 0.8814HC138M 0.38 ZENER HC43/T L HDT7130LA-100P 10.40 
49959 11040195 POA zase Kal 7aLS125a 032| 748574 1027010201 036| anca og 2gtaHC130M 0.98 | TAFBOR $59) aaa $09  — mones  [1:000000 ^ 699! HIGH PRECISION |IDT7132LA-109P 12.20 
40988  0.844)240 POA 7480  1.26| 74LS126 0.92) 795590  $.09|5, 05.2 052| ?4HCT75 038[4HCT54WM 0.64 |. c^. pOAl 748394 231 400mW [MINI CYLINDER | NON-INDUCTIVE |MB84:4E 4.95 
40998 9 42 0244 1.36 7483 1.701 74L8126A 0.40 7T4LS592 5.09 74HC258 0.73 YAHCT85 0.54 4HC157M 0.38 74F623 POA! 748412 2 34 24V to 75V 0.032768 0.88 WIRE WOUND MCM4027AC3 2.80 
A10aP 101 0245 1.36 7485 0.58 7418132 0.29 74LS593 7.12 74HC259 0.52 7T4AHCTB86 9.38 4HC161M 0.48 74F645 3.90 i Price: 6p each WATCH 0.33 WATT 0.1% NB2SO9N POA 
41608 1.40 0373 1.34 7490 0.72| ZALS136 078 74LS597 5.20 74HC273 0.54 74HCT107 0.4044HC165M 0.57 74FB21 POA [Ta] £01:13] ZENER DIODES RVSTAL Temp.Coelf.3ppm oe 5.80 
41618 1,200374 — 7-34 zagoa ozaj 7aLSna7 1.58] 7818621 POAlzancazo ggg] 74HCT109 O.4244NCT7SM 0.48 | 2,6523 pPOAl7B008AP 1.15]  500mW ^ 1R,5R.10R,20R,50R a —— 609 
41635 120 5026 POA! 7494 256|74L8138 034| 7465622 POA 74HC280 0.92 74HCT112 D.4214HC174M — 0.38 74F825 POA!7805 0.44 | 2.4V la 200V OME 1 Lere, HR T price: £3.60 each ÍNMC6504,-9 3.40 
41748 — 12059027 5.99] 7492 067| 74LS139 042|74L9923 POAJ ATER 076| 74HCT123 0.6414HC221AM 0.65 54.057 232 7805A 062| Price: Bp each NMC9306N 1.45 
41758 11445028 POA 7493 0.60) 74LS139A 0.42] /2L9824 210| (504 129| 74HCT125 0.58/4HC240WM 0.55 | Doky 354 7805FA 0.68 epin DIL 100R,120R. 250R, ]|P5101L-1 tea 
41948 143/3030 POA z493A 0.601 74LS145 066| 74LS625 POAl-uucooa 0.751 T4HCT126 0.54]4HC244WM 0.55 7806 058| ZENER DIODES | Plastic pkg — 500R, 1K. 2K, 5K. Us Abeta 1.74 
a4o9P 11.0525041 POA 7497 4.4] 7418147 POA 7ALSE2E POAlzancaa9 1.3a| 74HCT'32 O.SOISHCZISAW 0.62 7808 062, 13WATT |, sL Output [10K.20K Breas ONY, „200 
4410P “6.45 5106 1.56] 74104 0.67| 74L$148 0.87 74L5627 POA 7400323 382 74MCT137 0.5444HC251M 0.42 7809 O 62| 27V to 200V dpi cun za Price: £3.10 each | TBP24SA10N 3.15 
aaiip 21.585708 POA 74107 0.60] 7aLS151 0.35] 74L9628 — 178 5440555 1,20] 74HCT138 0.32]4HC299M EES |75aacoo 03817012 0.44| Price:10peach | earners! Spini aa d 
4412FP_poaÑSt0S POA 73110  POA| 74LS153 0.36) 74L9629 2251740353 075 7AHCT139 0.82]4HC273WM 0.55 |74AC02 04978124 0.58 ne em | MEMORIES | es c 
a4i2VP POAfS145 19.90 74116 3.10] 7aLS154 123 74t5631 POAlzancasa 0.84) 74HCT147 0.7044HiC367WM 053 |74AC04 — 040/7815 048| ZENER DIODES | 45 16 & zou rae 
4416P  POAR5146_ 13.96] 74118 POA) 7aLS155 038| 74LS639 POAl-4uGase 0.84) 74HCT151 0.5214HC373WM 0.55 244008 940 7818 048| 320 WATT , s DYNAMIC RAM Lins L-15 360 
4419P  POALS151P218.46 74119 BOA) 74L5156 0.38| 74.9640 POA) jose o 52| 74HCT153 0.5214HC374WM 0.55 |244C10 — 0.40 | 7824 048| 7svto27pv | Price: £3.68 ea. EMSs + AG 


74121 1.491 74LS157 0.42 74L9640-1 279 7,4 56 0.691 T4HCT154 1.2014H0390M — 057 |zaA0:1  0.40l7BL05 024| price:zap each |2492:10850MHz 14164-10 140 | "RESISTORS SMD 


4429PB POA 5152P2 18.46 i 


4433P  POAH5155P2 13.96 












5156P2 13.96] 744 E 74LS641-1 2.87 74HCT158 0.8044HC540WM 0.76 l< + sean — nanlonr ao nog ^" IM UDIUBES [eee ess 4164-15 120 
digg "p 74125 064, 74,8160 0.52 74H 74AC20  040|7BL12 0.24 Tr : 
ap  POARSIS?P2 11.08] 74126 098| 7aLS160A oo| 795642 POA encara oqa| TAHCTI6O S4 4HCS41WM 0.76 |zsac32  Qa0 TBLI2A 0.28 Za eo lira UTE oe pres: $0.39 ee ob 
4467P1 72002158P211.08/ 74128 142 74LS161 0.46 74LS642-1 POA 74HC374 pag! 74HCT161 0.54 4HC573WM 1.09 |24AC74 0.481 78115 nanl > Sealed Metal | 41256-10 2.40 ; 






5158 POA 7418643 POA 74HCT162 0,8474HC574WM 0.84 Price:42p each Package 41256-12 2.40 
4 74132 0.86, 74LS161A 0.49 . 74AC109 0.64/78L24 , 
poată SR 5403P POA 74145 3.10] 74LS162 1.10] 7419644 POA G e 74HCT163 0.54/4HC688WM 0.84 174,041» 0.57 ers Men ZENER DIODES | HCMOS Output 12126415 5.24 SUDTACE MEAM E 
4489P  POoAMS406P 3.56 74450 1.86] 74L8162A 1.10] /4L9645 — 0.68 7aHCaa6  0.38| 74HCT164 0.5214HCa017M 0.45 |»4n0438 0.65178M05 0421 STUD MOUNT 41464-12 4.45 

pasar 45407P 6.47, 74151 ogol 74LS163 0.40) 74L9645-1 2.79|-,,icnog 048) "4HCT165 0.5244HC4020M 048]5,40:49 065 78MO05A 042 . 20 WATT —|13.2mm sq. 41464-10 4.45 





























Multiiayer Ceramic 


5411P POA > 74LS646 4.65 74HCTi66 0.5244HC4040M 0.44 7.8V to 75V Pins spaced at 4464-10 2.80 
4495P 74153 — 0.90| 74LS163A 0.64 74HC393 0.41]! 74AC15! 0.68|78M!2 042| " p x 63 VOLT 
4497P POA 74154 280| 7415164 0.40|74L9652 POA|^,.c,55 gs4] 74HCT173 0.52 raio pe 74AC153 0.55|78M12A 0.42) Price: £4.94 ea. Pias of BpinDIL |414256A-70 — 3.90| Case Size: 1206 
: 74ACIS7 0.81/78M13A 6.98 BRIDGE req.= MHz 44C258AZ-310 6.95 L2xW1.25mm 


4HC4066W 0.84 RECTIFIERS |3.6864,8.10,12MHzl541009-85 8.45 
4 A ' r S ; 
AHC4538M 078 74AC0158 0.65178M15 0.42 


E 74LS669 1.58 T174 0.52 
74155 0.81] 7418165 0.50 74HC521 POA '4HC 

74157 0.74] TALS166 0.50] 74.9670 0.78 a A 7AHCT178 0.82 
74158 1.57| 74LS168 POA| 745873 POA|- (or. 098| /4HCT181 3.24 


4499P 6,98 4000 SERIES 


4500B 15.80 SURFACE 


4501UB 0.44 74AC163 0.80/78S505 0.88 0.8A/200VDIL Price: £4.88 each |HM48416AP-15 {0pF.22pF S3pf.47pF 












MOUNT 7418874 16.89 74HCT182 1.20 100pF 220pF .330pF 
45028 056 74159 3.89) 74LS169 0.50 74HC540 0.59 74AC169 1981785812 0.88 0.38 4.60 
45038  oaglA0018T 0.32 74160 094 748170 POA|/4L9982 2621710544 ogg| 74HCT190 0.62 MMM 7440174 055 78515  ogal30A/200V SIL | 16.2024.2.40850MHz| HM4B415AP-20 4.25 ee ae 
45058 POAC C!!ST 0:32] 74163 128 74L9:73A 0.591 /4-9584 385| o. ggg] 74HCT192 1.20] 74F02 0.2815,AC191 1.38|7905A 9.54 6A/100V SIL ————————— POA 33000pF 
45068 — :1.40]9! 9UBT 0-32! 74464 — 116| 7aLS174 033) 74LS685 POA), 005 ggg] 74HCT193 0.62] 74F04 0.28174AC240 0.92/7905FA 0.68 1.60} TTL Output — |uvs3C464. S-80 Price: 15p each 
SOCM[40128T 0.32 74LS686 POA 74F06 0.74 f ] 
4506UB :40|. 1387 04 74165 1.57] 7418175 0.33 74HC573A 0.861 /4HCT194 1.20 74AC241 0.92|7909 0.58] BA/200V SIL 14pin DIL Layout POA 
45088 188 pred E 74166 1.06] 74LS182 POA 7413687 POA 74HCS74 064: 74HCT195 1.20 rE 0.74 74AC244 0.92|7912 0.44 1.96 Sealed Metal  |HvB513000.85 845| a7000pF 10000cpF 
984 74174 137| 7418183 POA| 795688 1.98 74HCT221 0.66, 74F08 9.28124AC245 1.10|7912A 0.36 âpin Pkg Price: 18p each 


ELEKTOR ELECTRONICS JANUARY 1995 


MICROPROCESSOR 
& SUPPORT ICs 
100114DEC 7.40 
10014109 9.80 
6303XP 8.76 
B321P 4.20 
63485CP32/sm 19.95 
63B03XP 10.07 
6502 3.76 
6502A 3.98 
6520P 4.40 
6522 4.40 
6522A 5.26 
6551 4.43 
65514 4.43 
65C02P2 5.84 
65CQ2P3 6,98 
65C102P2 7.00 
65C22P2 4,80 
65C51E-1 3.80 
65C51E-2 4.38 
68000P-B 5.78 
68000P-10 7,41 
68000P- 16 18.29 
68000P-8 5.50 
68008P-8 7.85 
68010P-12 POA 
6800P 5.70 
5802P 3.90 
6803P 7.98 
6895E3E 14.75 
6810P POA 
5821P 1.90 
6840P 3.22 
6844P 17.20 
6845P 4.86 
58455P 5.40 
SBA0OP POA 
68A09P 4.30 
68A21P 1.98 
SBA4OP 2.56 
68A50P 2.98 
68503P 3.98 
68821P 1.98 
68B40P 2.98 
8080A POA 
8085AH-2 5.98 
8086 3.40 
8086-2 3.90 
80C32P 5.95 
80032-10MH2 6.98 


80C286-12/pga 48.50 
80C286-B/plcc 24,40 


80C85A 4.95 
80C85A.2 5.94 
8118-5CH 7.60 
S3L34DC 7.08 
AM25LS2568P 2.68 
AM25LS2569P 2.68 
AM2692PC 2.30 
AM26LS31DC 230 
AM26LS31PC 1.26 
AM278191ADC 10.20 
AM27S2BIPC 6.25 
AM29648DC 12.36 
AM296SDC 6.36 
AM2966PC 3.98 
AM29826DC 3.34 
AM685DL 9.82 
AMB238PC 5.60 
AM9050CDC 4.95 
AMSOSOCPC 4.69 
AM9102CPC 282 
AM91148DM 9.96 
AM9551PC 9.65 
AM9GLO2PC 3.35 
AY-5-B136 6.45 
AY-5-8126-006 6.45 
C1164/SMD 54.58 
CB231 6 59.06 
CB253 3.60 
CAROCB85B 5.98 
CDB2C85 9.62 
CDB2C86H-5 9.74 
DP6818AE 8.32 
COM8136 6.45 
COMBIC17 8.41 
CPB82C54 5.42 
CRT-8004-001 965 
CS8205 8.92 
D3232 5.65 
D8086 5.48 
D8086-2 8.80 
D8202A POA 
D8254.2 6.42 
D8284A 3.90 
O8288 6.48 
D82C284-12 9.66 
D82C284-8 7.85 
D82C288-10 10.96 
O82C288-12 11.85 
D82C288-8 9.36 
08748H 9.95 
DP8228N 6.72 
DP8238N 6.72 
DP8304BN 2.34 
OP8311N 8.51 
051221 6.44 
DS1231-29 4.44 
DS1232 3.28 
DS3486N 3.20 
DS3487N 3.20 
DS34C88N 4.98 
DS34C87N 4.98 
DS3631N 3.92 
DS3632N 3.88 
OS3633N 3.92 
DS3634N 2.81 
DS3691N 5.92 
D33862N 16.98 
DS5600-32-12 45.40 
DS8640N 2.98 
DS8820AN 3.45 
D58832N 3.98 
DS8836N 2.88 
DS8837N 5.72 
DS883BN 4.98 
OS9636A 1.98 
DS9637A 1.68 
DS9538A 1.68 
DS9639A 1.98 
EFG8803P 4.68 


AA i i i ii E  DD————— I o i i AA i — ——— RA e 


EF6821P 2.30 
EF€850P 2.30 
EF6BBOSP 4.68 
EF6BBO9EP 8.35 
EFE8B?21P 2.55 
EP610PC-35 POA 
HD1-0165-5 10.96 
HD146818AP 4.78 
HD3-6402-9 6.16 
HD3-6440-9 8.89 
HD3-8495-9 8.89 
HD44883 POA 
HD46505SP POA 
HD46802P FOA 
HDB321P 4.20 
H063485P532 32.50 
HD63BO03XP 11.95 
HCBB8000-8 11.59 
HO6845SP 5.55 
HO68A52P POA 
HD68B21P 3.92 
H3-7159-5 20.98 
HI3-7155A-5 23.40 
HM10422 14.30 
ID82C86H 17.06 
IM6402AIPL . 10.20 
1IM6402IPL. 7.75 
IM6403IPL 10.80 
IMS26COP-15 4.40 
INS8250N 7.80 
INS8250N-B 7.80 
MS5MB2C51AP 5.89 
M5M82C54P-6 6.57 
MABB8031AH12P 4.52 
MABBO35HL-6P 5.98 
MC10103P 2.89 
MC10115L 3.85 
MC10115P 2.89 
MC146805E2P 8.84 
MC6B000FP12 POA 
MC68000P165 18.20 
MC68010P10 POA 
MC68010P12 POA 
MC5802P 2.4? 
MCGBOSP 6.78 
MC6821P 1.80 
MC8840P 5.05 
MC6844P 18.40 
MC6B45P 7.38 
MC6850P 3.35 
MC68705R3P 25.35 
MC68AG0P 7.02 
MCB8AQ3P 7.62 
MC68HCOSEQFN * 1.96 
MC8314P 6.60 
MCM6810P 3.00 
MCMBBA10P 5.35 
MM53200N 3.40 
MM58187BN 10.64 
MM58174AN 14.80 
MM58274CN 8.52 
MSMSBS2RS 5.47 
MSMB80C35RS 4.90 
MSMB0C38/smd 6.45 
MSMBCC39RS 7.65 
MSM&80CB5A 3.95 
MSMBOCBSA-2 5.98 
MSM&GC86 7.60 
MSMB1CS5 4.60 
MSM82C51A 3,58 
MSMB82C53-2 3.98 
MSMB2C53-5 3.58 
MSM82C054-2 — 4.20 
MSM82C55A2RS 5.62 
MSMB2C59A-2 3.98 
MSMB2CB4A 3.95 
MSMB82C84A.2 4.38 
MSM82C88 12.60 


N80C286-19/pi 24.50 
N80C286-12/pl 29.54 
N80L286-8C2/pli 36.20 


NB235N 3.68 
N8264N 3.68 
N828128AN 3.25 
N82S181F 10.04 
NS*6450N 4.68 
NS:6550AFN 12.60 
NSCBOON-1 10.80 
P8032AH 445 
P8051AH 11.20 
P8052AM/Basic 24.09 
P8080A 3.90 
PBOBSA-2 §.92 
PBOBSAH-2 6.88 
P8088 5.84 
P80C318H 4.54 
PBOCA22/Intel 8.39 
P80CSAFA 15.94 
P@OCEBAL-2 1260 
P8155H/2 6.98 
P3205 2.00 
P8212 2.40 
P8226 2.40 
PB251A 4.60 
P8253 4.70 
P8255A-5 3.90 
P8259 2.85 
P8259A 3.20 
P8274 15.85 
P8279-5 3.20 
P8282 2.64 
P8286 3.66 
P82C54 4.10 
P82C54-2 4.80 
PAL10L8CN 1.90 
PAL12H&8CN 1.90 
PALIGR4BCN 217 
PAL20L!OCNS 4,35 
PAL20XBCNS 3.32 
PALC16L8Q.25CQPOA 
PALC20L82-45CQS POA 


PALC22V10H-35Q$ 8.34 
PIC16CS4RC/P 360 
PIC16C55RC/P 448 
PIC16C56RC/P 4.42 
PIC16C57RC/P 5.08 
PIC16C64-04P 13.98 
PiC16C64-20P 23.85 
PIC16C64-JW 39.96 
FIC16071-16P 8.94 
PIC16CB4-10P 12.24 
FPIC17C42-16)W 35,51 


Please mention ELEKTOR ELECTRONICS 


SCM&6115P 3.40 
SGS7P050 4.55 
SP1450B 5.76 
ULA:RBO2SE1 6.80 


ULA20RKO0BE 159.72 


XR-TS683 


3.60 


ZNA2L029J-BS 3.80 


PCD8884P 12.22 
PCD8584T 12.22 
PCF8566P 8.28 
PCF8566T 8.28 
PCF8570P 7.85 
PCF8573P 6.72 
PCF8574P 5.96 
PCF8574T 6.96 
PCFB531P 11.62 
R65O2AP 4.82 
R6520P 4.40 
R6522 4.49 
R6522AP 5.80 
R65C02P2 6.82 
R65C02P3 7.15 
R65C02P4 8.95 
R65C102F2 6.85 
R65C21P2 5.96 
R65C22P2 4.80 
SASHB80C32P . 5.95 
SAB80C32-16MH2 6.98 
SABB155.P 3.82 
SAB8259AP 3.59 


SAB80C535-N 11.67 
SABB2C54-2-P 4.12 
SAB82C55A-2-P 4.80 
SCBO0CAS51cc264 13.60 
SCB7C51CCF40 31.95 
SC87C51CCG40 31.95 
SCN2641 dctn28 3.35 
SCN2651ccn28 3.35 
PALI6R4-15CN 2.98 
TLI6C552FN 12.58 
TMP7002NL-2 4.97 
TMPSOB5AP-2 5.98 
TMS320C10NL 9.88 
TMS320C25FNL 17.20 
1MS$320025GB- 67.47 
TMS3477NL 5.68 
TMS3700NSB 8.78 
TMS3702ANS 8.78 
TMS3835ANS 7.55 
TMS77COINL 10.74 
TMS9900NL 24.40 


ZNPCM1j-BS 8.95 


LINEAR & MISCS. 


TMSSSOINL 14.16 
TMSS99802ANL 15.94 
TMS9814ANL 23.10 
TMS9928ANL 7.40 
TMS9995JDL. 69.85 
UASGSGACP 2.38 
UAS637A 2.38 
UAB63aCP 2.38 
UA9633CP 2.38 
UM6845B 4.95 
UM9151 POA 
UM9151-3 POA 
UPB8238 POA 
UPBB282C 4.98 
UPBS284AD 4.98 
UPB8288C 4.98 


UPD70108C-10 9.10 
UPD70108C-8 6.95 
UPD701 160-10 12.90 
UPD70116C-8 9.20 


3630BM/BB 3.40 
49620/BB POA 
555-TIMER 0.20 
6341-14 POA 
741-OPAMP 6.18 
ADS20JN POA 
AD524 21.52 
AD534JH 48.27 
AD537JH POA 
ADS48JN 1.80 

AD574AKD 54.66 
AD578JN POA 

ADS81Jh 8.92 
AD5B1KCSA:smd 9.97 

ADS&5AQ 31.56 
AD532CN POA 
ADSS4AD 16.80 
AD535AD 15.24 
AD648JN 3.40 
AD707JN 3.40 
AD711UN 2.34 
AD712JN 3.72 
AD7245JN/KN POA 
ADT38JN 9.12 
AD741KN 3,69 
AD7523KN 9.80 
AD7537JN 34.98 
AD7537ULN POA 
AD7542KN 36.35 
AD7543JCWE POA 
AD7578KN 46.15 
ADB844AN 9.70 
ADCOBO4LCN 6.80 
ADCBOSLCWM 12.10 
ADCO820CCN 22.40 
ADCO834CCN 10.80 
ADC84KG-10 38.98 
ADCSOBHP 18.42 
ADDACBON POA 
ADG201AKN 7.35 
ADOPO7UN 2.32 
AHO015CD 17.20 
AY-3-1270 3.60 
AY-5-1013 4.69 
AY-S-3013A 5.88 
AY-5.1250 POA 
AY-5-3600-PROS.96 
BA6109 1.68 
BA6208 1.40 
CA3046 0.51 

CAS3046(SMD) 0.89 
CA3054 0.94 
CA3053 1.20 
CA3078AT 2.42 
CA3079 0.88 
CA3080E 0.70 
CA3081 0.96 
CA3089E 1.22 
CA3094AE 2.16 
CA3096AE 3.48 
CA3098CE 1.82 
CA309?E 2.60 
CA3120E POA 
CA31308T 19.20 
CA3130£ 1.10 
CAS3140AE 1.34 
CA3140E 0.48 
CA3146£ 0.90 
CA3160£ 1.25 
CA3240E 1.15 
CA3240£1 2.72 
CA3260E 1.68 
CA3280AE 5.94 
CA3280E 3.42 
CAB555CE 9.20 
CA741CE 0.18 
CS5503-KD POA 
CX79258 POA 
D169Cj POA 


DACOBO00LCN 4.10 


UPD71055C | 438 
UPD7201AC 11.68 
UPD7201C 6.80 
UPD?65AC 5.42 
UPD789C-1 4.76 
UPDBOC39HC 8.42 
UPDOB155HD 3.84 
UPD8251AFC 4.08 
UPDB253C-2 3.98 
UPD82530.5 3.98 
UPOS288C POA 
UPOB741AD 12.52 
UPD8749HC 13.98 
V20-10MHz 9.10 
V20-8MHz 6.95 
V30-10MH2 12.90 
V30-8MHz 9.20 
V61C30P 7.80 
VC0108N6 8.60 
X68HCOSEQFN 11.96 
20800110PSC 16.90 
20868112PSC 3.20 
2180-MPU POA 
280018-CPU 11.96 
Z8018008V8C 8.25 
Z80A-CPU 2.52 
ZBOA-CPU/CMOS 3.97 
Z80A-CTC 2.28 
Z80A-DART 4.98 
Z8DA-DMA 3.95 
ZBO0A-PIO 2.44 
280A-S!O/0 4.48 
280B-CPU 2.66 
Z80B-CPUCMOS 4.66 
Z80B-CTC 3.00 
Z80B-DART 4.B4 
280B-DMA POA 
ZB80B-PIO 2.76 
280B-S!O 4.80 
Z80000A86 3.38 
284C42 CMOS 6.80 
Z8681-B1 8.79 
TELECOM & 
SPECIAL 
FUNCTION ICs 
62X0890-U18 3.70 
7O7WO2020 5.25 
733W00124 . 5.25 
AMA1503GXB 4.68 
BAA1505 1.80 
CLA25:06/plcc 5.95 
GAOSCO!GDB 3.20 
KR9800P 11.95 
KS-49258/plcc 5.92 
MJ14548B 7.65 
MK5175N 3.80 
OG-147-7 2.40 
PBD352303 8.40 
PP34C108 6.80 
Q4704 3.60 
QMV16BP5 7.98 
QMV18C 6.95 
QMN18CN* 7.85 
OMVIACW1 7.85 
QMV25C 8.42 
QMV52AW1 — 6.90 
$4534-AMI 4.20 
5A336931 2.95 


DATOB32LCN 10.67 
DACOSCP 3.48 
DACOBEP 5.06 
DAC10G8LCN 10.73 
DAC1222LCN 20.40 
DF1709P 17.91 

DG201ABK 3.83 
DG21* 1.56 
DG508ACJ 3.98 
DGS508CJ 3.25 
DS1488N 0.48 
DS14CB8M'/sm31.65 
DS14C88N 1.65 
DS14C89AN 165 
HA12017 1.44 
HA13426 11.96 
HA17723 1.19 
HD751B9P 0.80 
HEF4754V 22.20 
HI1-0201-5 3.95 
HI1-508A-5 — *1.21 

Hl1-549-5 POA 
HI1-574AKD-5 42.50 
HI3-0201-5 3.40 
Hi3-0509A-5 7.15 
Hi3-201-5 3.20 
HULA POA 
HS574-AK 18.20 
1CL7104-16CPL 26.08 
ICL7106CPL — 4.87 

ICL7107CQH 5.20 
ICL7109CPL 9.85 
ICL7116CPL 7.84 
ICL7117CPL — 8.60 
ICL7126CPL 8.60 
ICL7135CPI — 9.95 
ICL7136CPL — 8.60 
(ICL7Z137CPL 8.60 
ICL76G6CUN 12.24 


ICL7611DCPA 1.32 
ICL76231DCPA. 1,98 


iCL7622 


POA 


ICL7650CPD 5.68 
ICL7650SCPDE.27 
ICL7652BCPD8.24 
ICL7652CFDO 8.24 
ICL7660CPA 1,40 
ICL7660S8CPA 3.80 
ICL7662CPA 4.40 
ICL7663BCJA 6.78 


ICL?7663BCPA5.!10 
ICL?664CPA 7.95 


ICI. 7665ACPA 4.98 
ICL7673CPA 1.38 
ICL8052ACPDa8.73 
ICLB068AJO 11.38 
ICL806Sccesq 3.75 
ICL806Sdcsq 2.88 
ICL8069DCZR2.88 
ICL82*1CPA 2.56 
ICL82:2CPA 2.48 
(CM7170IPG 6.98 
ICM7207AIPD 7.94 
iCM7207IPD 7.94 
1CM?7209IPA 4.95 
ICM7211Àmip! 4.68 
1CM7211MIPL 4.68 
iCM7212Amipl4.45 
ICM7213IPD 8.98 
ICM7218AIJI 29.32 
1CM7217AIP112.32 
ÍCM72178BIJI 12.98 
ICM72171J; 12.98 
ICM7218AIJI. 8.68 
ICM7218AJPI 8.68 
iCM7218DIJI 8.68 
ICM7218Eij 14.76 
ICM7224IPL. 11.92 
ICM7226Aiil 37.20 
ICM7226Bipl 32.52 
ICM7249]DM POA 
ICM7555IBA 1.20 
ICM7555IPA 0.84 
ICM7556IPD 1.85 


IM6403IPL 12.92 
L272 2.74 
L272M 2.30 
L2938 3.64 
L293£ 4.82 
L297/1 6.98 
L238N 7.80 
L4808CV 2.89 
L487 3.76 
14966 3.76 
L702B 3.24 
LA6250 POA 
LAB358 POA 
LA6510 POA 
LA6520 POA 
(C7132 2.98 
LC7522 POA 
LC7555 POA 
LDi11ACJ POA 
LF13508D 18.20 
LF311H 10.80 
LF347N 2.40 
LF351N 0.98 
LF353N 0.86 
LF355N 1.82 
LF356N 1.82 
LF35TBN 4.98 
LF357M/SMD 4.98 
LF357N 1.20 
LF398BN 3.98 
LF411CN 1.48 
LFA12CN 1.98 
LF441CN 0.75 
LF442CN 0.99 
LF444CN 2.71 

LHOQO?CN 18.60 
tH0032CG 37.40 
LM101AH 6.86 
LM1tQCN 9,24 
LM 11H 8.60 
LM13600N 2.60 
LM13700N 2.60 
LM1391N 3.40 
LM139J 6.60 
LM1458N 0.82 
LM14S6N 2.95 
LM1801N 7.92 
LM1881N 4.80 
LM1889N 7.40 
LM1894N 4.16 
LM218H 15.75 
LM239N 3.90 
LM2901N 1.68 
LM2903N 1.65 
LM2904N 1.42 
LM2917N-14 6.10 
LM2917N-8 5.80 

LM2940CT15 2.95 
LM2940CTS 2.50 
LM2984CT 7.50 
LM301AN 0.36 
LM307N 1.39 
LM308N 1.65 
LM310N 2,98 
LM3TTN 0.64 
LM311N-14 2.15 
LM312H 8.95 

LM317AT 3.48 
LM317T 0.70 

LM317T-LT 1.60 

LM318N 2.98 

LM319N 2.84 

LM3201Z-12 0.34 

LM3294AN 2.66 

LM324J 2.47 

LM324N 9.64 

LM325N 9.40 

LM3301N 2.60 

LM334Z2 2.20 

LM3352 2.48 

LM3362-2.5 1.48 

LM3362-5.0 1.48 

LM337T 1.18 

LM339AN 2.98 

LM339N 0.60 

LM34GATI2 1.98 

LM340T-5 0.48 

LM340T12 0.48 

LM340T15 0.30 

LM340TS 0.30 


UM343H 
LM346N 
LM34BDP 
LM34B8N 
LM350T 
LM351N 
LM358N 
LM359N 
LM360H 


8.80 
3.96 
0.40 
0 40 
6.85 
2.60 
0.32 
4.68 
7.72 


LMQ6iM/smd 6.40 


LM363H-100 16.50 
LM369DN 3.82 
LM369DRC 3.70 
LM380N 1.20 
LM381AN 7.88 
LM3852-1.2 2.20 
LM3852-2.5 2.20 
LM386M- 1 1.65 
LM386N-1 1.40 
LM3B6N-3 1.60 
LM386N-4 2.60 
LM387AN 5.90 
LM388N-1 4.25 
LM389N 3.40 
LM3300N 1.60 
LM3909N 2.64 
LM3914N 4.46 
LM393N 0.30 
LM393P 0.30 
LM394CN 5.98 
LM3999Z 2.76 
LM399H 7.85 
LM4250J 11.82 
LMSS5CN 0.28 
LM565CN 7.48 
LM710CH 2.40 
LM723CH 2.80 
LM723CN 0.70 
LM733CN 2.65 
LM741C.-15 2.20 
LM741CN 0.45 
LM747CH 2.40 
LM747CN 0.90 
LM78GCP 2.40 
LM73GCP X 2.40 
LM833N 2.82 
LS285AB 2.40 
LS288B 3.60 
LS7210 4.40 
LT1006CN8 2.72 
LT:O10CT 4.58 
LT-O?BCN8 7.32 
LT:032CN | 470 
tT:070CT | 9.14 
LT1083CP 8.82 
LT1086CT 299 
LT1134CN POA 
LTC1052 7.97 
LTC1089CN 14.39 
LTC485CN8 2.16 
LTC490 4.40 
MS218AL POA 
M5220 POA 
M5238L FOA 
M5298P POA 
M70681 1.25 
MAX134CPL 17.95 
MAX1232CNGPOA 
MAX1232CPA 3,57 
MAX1259CPEPOA 
MAX162ACNGPOA 
MAX232ACPE 4.84 


MAX232CPE 2.80 
MAX232EWE 3.80 


MAX232N 


2.80 


MAX280CPA 6.94 
MAX482CPA 5.38 
MAX627CPA 2.98 
MAX660CPÀ 5.72 
MAX690ACPA 6.58 
MAX693CPE 6.68 
MAX694CPA 5.70 
MAX697CPE 6.59 


MAX7219CNG7.15 
MAX8211C0PA 2.28 
MAX9018CPE POA 
MC1377P 4.93 
MC1413P 0.74 
MC14411P 11.38 
MC14416L 17.60 
MC14495P 4.82 
MC145408P 2.10 
MC1455P 0.40 
MC1455P1 — 0,60 
MC1458P 0.32 
MC1488L 2.40 
MC1488P 0.38 
MC1489AL 2.25 
MC1489AN 0.90 
MC1489L 2.20 
MC1489P 0.48 
MC1496N 2.20 
MC1558L 3.32 
MC1648P 12.40 
MC1658P — 12.78 
MC1708CPI 1.20 
MC1723CP 1.20 
MC174)CP 0.45 
MC3242AP — 7.54 
MC3301P 9.88 
MC3302P 0.50 
MC3340P 1.60 
MC3357P 3.20 
MC3403P 1.40 
MO3446AP — 6.75 
MC3479P 7.92 
MC3523U 5.80 
MC4024P 12.78 
MCT2 0.84 
MCT61 1.18 
MF10CCN 8.95 
ML924 4.99 
MM5309N 5.78 
MM53105N 4.99 
MMB80C9SN 1.44 
MP7570JD POA 
MUX24EQ 9.60 
MUX24FP 8.60 
MVSCODP 3.05 
MV601DP 3.36 
MV8870DP 7.96 
NE5020N = 10.84 


NE527N 371 | TLO71ACP 1.84 
NE532N 0.60 | TLO7ICP 6.64 
NES36H 4.90 | TLO72ACP 1.48 
NE5530N 3.82 | TLO72CN 0.50 
NESS32AN 1.58 | TLO72CP 050 
NE5539N 0.80 | TLO74ACN 285 
NE5534AN 1.80 | TLO74CN 0.98 
NE555N 0.20 | TLOSICP 0.48 
NES556/SMD 0.70 | TLOB2CN/CP 0.81 
NES58N 0.38 | TLOBACN/CP 0.34 
NESS8N 2.28 | TL27L2CD 1.98 
NES64N 3.42 | TL497ACN 3.44 
NE565N 2.94 | TL507CP 403 
NE567N 0.65 | TL7702ACP. 2.04 
NE568N POA | TL7705ACP 2.04 
NE570N 460 | TL7Z705CP 2.04 
NES71N 3.40 | TL7709ACP 2.04 
NES89N 4.25 | TL7770-SC 3.82 
NE592/SMO 1.80 | TL783CKC 5.10 
NE592N 1.40 | TLOI541N 16.03 
NE592N14 0.92 | TLC2201CP 374 
NE602N/AN 2.98 | TLC2274CN 2.85 
NE604AN 8.24 | TLO251CP 254 
NE605N 8.60 | TLC2652CP 4,92 
NEG12AN 2.97 | TLC2654CP 4.84 
NJB821DP 12.06 | TLC271CP 0.84 
OPO7CJ 3.60 | TLC2720P 1.30 
OPO7CN 0.95 | TLC272CD 4.10 
OPO7CP 0.95 | TLC274CN 2.40 
OPO7EP 310 | TLC339CN 1.98 
OP11GP 5.85 | TLC372CP 1.40 
OP177FP — 2371] TLCS51CP 3.68 
OP27GP 2.89 | TLC555CP 0.65 
OPa2Fz 7.44 | TLCSS6CN 1.58 
OP77GP 2.07 i TLC7524CN 5.24 
OPO?CN 0.95 | TLE20G1CP 2.29 
PCMB3P-K 35.80 | TLE2062CP 3.40 
PM7548HP 18.20 | TLEZO54CN 3.45 
RC4136N 0.98 | TLE2161CP 242 
HC4193N POA | TMS3477NL 5.96 
RC4194N — 2.85 | TPIC2406NE 7,14 
RC4207GN 1.92 | TPIC2802KV 9.42 
RC4558 0.90 | TPIC6259N 3.28 
RC455BP 060 | TPIC6273N 328 
PEFO1CP 3.33 | TPIC6595N 3.28 
REFOIHP 3.33 | TSC426CPA POA 
REFO2CP 3.98 | TSC500CPE POA 
REFOSGP 3.69 | TSC7106CPL6.a1 
REF25Z 1.12 | TSC7T16CPL5.80 
S2560A POA | TSC7126CPL5,80 
SAA1027 . 6.51 | TSC7660CPA1,40 
SAA1043P 7.98 | U1096B 6.92 
SAA3049P 9.92 | U20668 2.64 
SAA5025D 7.65 | U24008 5.50 
SAAS6002A 10.80 | UA2240PG 1.40 
SAS5608 340 | UA7OSCP 085 
SED2000FVA9.60 | UA70SPC 9.85 
SFC2301ADC6.78 | UA718HC 4.50 
SFC2741DC 0.18 | UA723CP 0.70 
SG3524N 4.60 | UA733CJ 2.98 
SI7660CJ 1.92 | UA741MP 0.60 
SL1452 6.75 | UAT41TC 0.28 
SL2364C 3.97 | UA748CP 0.36 
SL31178 POA | UA77000UIC POA 
SL486DP 3.36 | UA798TC 380 
SL490DP 2.80 | UCN5800A 240 
SL560CDP 3.00 | UCNS801A 260 
SL6270CDP 3.30 | UON2981A 2.00 
SL6700CDP 547 | UDN2882A 2.00 
SN5281CN POA | UDN61I8A 165 
SN55451BJG2.85 | UGN3501M POA 
S0612 9.20 | ULN2001AN 9.44 
SPt64BDG 5.53 | ULN2002A 044 
SP4534 POA | ULN2003AN 0.44 
SP4740DP 4.46 | ULN2004AN 1.40 
SPB660DP 4.96 | ULN2024A 1.40 
STK4iail| 5.20 | ULN2032A 4.40 | 
STK5151  POA | ULN2803AN 0.84 
STK4171ü 7.10 | UMSTOG POA 
STK4181-V 9.60 | UMS101 3.80 
STK41921t 7.80 | XR2211CP POA 
STK42778L 10.80 | XTR110KP 9.95 
TA7215P 7.20 | Y1412/Tl — 460 
TA7258P 2.60 | YM3623B 15.48 
TA7368P POA | ZN1034E 374! 
TA7658P . 1.20 | 2N4142 160 | 
TA7B005AP 0.48 | ZN415E — 1.84 | 
TA8200AH POA | ZN416E 2.74 
TAB410K 2.80 | ZN423 2.20 
TA8449P POA | ZN425E-8 5.97 
TAB658AN POA | ZN426E-8 3.68 
TAAB&1A POA | ZN427EB 12.29 
TBA1205 0.60 | ZN428E-8 6.95 
TCM1520AP POA | ZNA29E-8 264 
TCM1531P POA | ZN432E 2449 
TCM1705AN POA | ZNA48€ 8.76 
TCM3105N 9.42 | ZN449E 4.76 
TCM5087N 2.40 | ZNA134E 1225 
TCMS089N 2.40 | ZNA134H 12.78 
TOA1023 2.30 | ZNA234E 16.40 
TDA1083 — 2.60 

TDA1085A 2.96 75 SERIES 
TDA1085C 3.80 | 75107 1.02 
TDA1151 1.10 | 75107A 1.02 
TDA11708 2.80 | 75108 1.80 
TDA1515A 4.98 | 75108A 1.84 
TOA1521A 437 | 751088 2.08 
TDA1576 3.9D | 75109A 2.46 
TOA157BA 3.60 | 75110A 1.36 
TDA20886/A 4.82 | 75118 3.02 
TDA2595 3.32 | 75114 3.04 
TOA3048N 1.85 | 75115 1.60 
TOA3505 POA | 75116 3.30 
TOA3810 POA | 75121 2.60 
TDA440 POA | 75122 POA 
TDA4510 3.38 | 75136 3.10 
TDA4583 3.38 | 75138 4.40 
TOA4850 660 i 75140 2.65 
TDAGS79T POA | 75156 1.60 
TDA7010T POA | 75150M 2.65 
TDA?052 2.82 | 75152 6.36 
TDAB8702 6.22 | 75154 175 
TEA1045 POA | 75154M 175 
TEA1080 4.20 | 75155 1.20 
TEAS620 POA | 75157 4.40 
TIPC2BO1KV 8.40 | 75159 5.45 
TLOP6CP 1.84 | 75160A 5.95 
TL062CN 952 | 75161A 5.47 
TLOG2CP 0.52 | 75162A 7.59 
TLOG4CD 0.98 | 75172NG 3.68 
TLOG4CN 0.88 | 75173 3.68 
TL0641D/srnd2.10 | 75174 3.20 


when contacting advertisers 





781 74ANG 
75175 
75176A 
751768 
75141768T 
75177 
75178 
75182 
75183 
75188 
75189 
751894 
75361 
75365 
754374 
754508 
75491 
75451B 
75452 
754528 
75453 
75453B 
79454 
754548 
75462 
75463 
75468 
75469 
75470 
75471 
75472 
75473 
75474 
75477 
75491 
TSALS176 
7SALS192 
75ALS193J 
7501154 
7591406 
750185 
73C188 
75C189A 
75C189AD 
75L8C176 


1.10 
3.60 
1.30 
POA 
1.68 
1.48 
1.48 
2.25 
2.10 
0.68 
2.88 
2.88 
3.22 
2.88 
2.73 
3.98 
1.20 
1.32 
1.32 
2.60 


TRANSISTORS 
THYRISTORS 


& TRIACS 





40406 1.60 
40673 2.40 
BCIG7A/B 0.17 
BC10BA/B/C 0.17 
BC109B/C 0.18 
BC140-16 0.48 
BC146/01 0.58 
BC149 0.40 
BC157 0.34 
BC158 0.34 
BC169C 0.14 
BC179 0.24 
BC182 0.08 
BC182A 0.08 
BC1828 0.08 
BC182L 0.08 
BC1821B 0.08 
BC183 0.08 
BC183C D.08 
BC183L 0.08 
BC184 0.08 
BC184B 0.08 
BC184L 0.08 
BC184LC — 0.08 
BC212-18 0.08 
BC212A 0.08 
i BC2128 0.08 
i BC212L 0.08 
BC212L8 008 
BC213 0.08 
BC213L 0.08 
BC214 0.08 
BO?214L 0.11 
BC237 0.08 
+ 80239 0.12 
i BC307 0.08 
BC327 9.08 
80328 0.08 
C337 0.08 
BC337-25 0.08 
BC 483 0.24 
BC490 9.30 
BC516 0.22 
BC517 0.20 
BCR4AE 0.05 
BO548A 0.05 
BC546B 0.05 
BC547 0.08 
BCS47A 0.08 
BC547B 3.08 
BC547C 0.08 
BC548 0.08 
BC548B 0.08 
BC549 0.08 
BC548B 0.08 
BC550 0.08 
BC550B 0.08 
BC550C 0.08 
BC556 0.08 
BC556A 0.08 
BC556B 0.08 
BC557 0.08 
6C557B 0.08 
BC558 0.08 
BC558A 0.08 
BC558B 0.08 
BC559A 0.08 
BC559B 0.08 
BC560A 0.08 
BC560C 0.08 
BC184C 0.08 
BCY7! 0.22 
BDi2: 0..88 
BD135 0.44 
BD241A 0.98 
BD242C 0.52 
BD243 0.50 
BD516 5.78 
BD675 0.52 
BO676 0.52 
BD679 0.54 
BD680 0.56 


| 










i VPO104-N3 


H 
i 





BD743C 
BDT85 
BOX67B 
BOYS6 
BF:95-C 
BF‘99 
BF200 
BF256B 
BF256C 
BF259 
BF324 
BF421 
BF450 
BF451 
BF494 
BF759 
BFa61 
BF98t 
8F982 
8FG55 


BFR53-2GHz 0.48 
BFAS1-5GHz 0.90 
BFR91AÀ-6GHz 1.20 


BFWI1O 
BFX48 
BFX85 
BFX88 
BFXB89 
BFY50 
BFY52 
BFY90 
85107 
85170 
BS250 
BSR60 
BSX20 
BSX21 
BSX61 

BT 136-600 
BUW46 
BUZ11 
BUZ11A 
BUZ47A 
IRFZ14 
IRFZ20 
J113 
J175 
J270 
JA101 
MBD501 
MJE13070 
MJE340 
MJE350 
MJE520 
MPS3638 
MPSA06 
MPSA13 
MPSA63 
MPSAS2 
MPSUOS 
MTP8P08 
MTP8P10 
PN3643 
TIC106M 
TICP206D 
TICV106D 
TIP115 
TIP121 
TIP145 
TIP2955 
TIP30 
TIP3055 
TIP31A 
TIP32A 
TIP47 
V275LA10 
VN23104N3 
YN66AFD 
VN90AB 


VPO104N2 
VPO104N3 
ZTX212 
ZYTX237 
ZTX300 
ZTX313L 
ZTX320 
ZTX510 
ZTX550 


TRANSISTORS 





lN e 


2N2360 
2N23359A 
2N24584 
INIRA 
INNS 
2N2905A4 
ZN 2907 
2N2907A 
2N2923 
2N2243 
IN ASS 
2N3055 
2N344]1 
2N18553 
2NÀABNÀ 
2N3702 
INTOA 
2N17006 
3N3725 
2N3i178U0 
2N3819 
ZN3i&B^D 
2NAUA 
SN SU 
ANGA 
DN 958 
2N4037 
2NA405 
3Nán62 
2N4691 
2Nd123 
2N4124 
IN4125 
2N4126 
2NA221A 
2NA236 


1.90 
1.12 
2.78 
3.66 
0.08 
0.22 


Personal Computer Products 


MOTHEH BOARD 

VESA 486 3VLsiois.2b6kCache £95 
with ZIFF Socket în: CPU and 

8x32 & 2x72Pin SIMM Sockeis 

accepts 486SX/DX/DX2-66 CPU 






































Dus (without CPU&DRAM) 

0.38 | MICROPROCESSORS 

0.40 | 804868X-33MHz = INTEL £ 75 
0.28 | 80486DX-33MHz INTEL £ 125 
0.12 | 80486DX2-66MHz INTEL £160 
0.20 | Heat Sink + Fan for 486CPU £ 10 


0.22 
0.16 
0.26 
0.56 


HARD DISK DRIVES 
270MB *3msec 3.5" LP 
340MB 1àmsec 3.5” LP £179 
FLOPPY DISK DRIVES 


nye 1.44MB 3.5" £28 
1.79 | 12MB 5.25 £38 


GRAPHIC CARDS 

ISA TRIDENT TYGA 8900D 1MB£ 48 
ISA TRIDENT TVGA 9000 512KB £ 28 
VL Bus Graphic Card 1M8 £55 
expandable to 2Mega Bytes 


1.20 
0.49 


9.59 | MEMORIES (SIMM) 

0.30 | 1Muvgx3 CHIP 70ns £ 28 
159 | (Mage (4MB 72PIN) 7Ons £ 109 
0.34 | 256Kx9 3 CHIP 80ns £ 12 
935 | VO CARDS with Cables 

028 | IDE 2HD2FD/2S/1P/1G £ 15 
0.38 | YLB Multi LO.Card f 25 
0.52 1 KEYBOARDS & MICE 

0.48 | 102 UK Enhanced KeyBoard £g 47 
0.38 1 102 UK High Quality Keyboard € 25 
0.48 1 KeyBoard 

i 3 Button Serial Mouse 
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IMPORTANT 
AJ! prices are exctuding V.A.T. 


Postage &Packlng Charges 


4.94 
1.60 
1.62 







































































































R £3.00 for orders upto £40 exc. VAT. 
f an 
0:9 £5.00 for orders over £40 exc. VAT. 
0. 68 applicable to all goods under tne 
0.92 heading of 
D. 48 ‘Personal Computer Products'. 
4 4 01 Postage & Packing will be charged at 
1.10 | cost for al! destinations outside the U.K. 
068 | VAT. is payable or Posatage & Packing. 
1.1 
0.80 
0.18 New Release 
0.12 A to D Converter with Software 
0.12 Introductory offer £ 85 each 
032 ask for leaflet fcr futt details 
0.24 | 2 Digit Display Board for Turbo PC 
2.21 Diplays 1 to 99, Jumper selectable 
280 | Can pa wired e.g. 25MHz & 66MHz 
2.80 | 48x56mm Special intro. Offer £15.95 
018| 8 Digit 7 Seg. LED MPX Display 
0.78 | Board fitted with 2x8Pin SIL Header 
0.6: size 15X61mm, supplied with HP 
0.24 | HDSP-7511 0.3" (7.6mm) Displays. 
0.55 use Com. Anode Dispiay Drivers 
0.68 | ICM7216A/C or IOM7218A4/C/ElJLetc. 
1.37 Kit: £18ea. Assembled: £24 ea. 
0.88 Vaccum Fluorescent Displays 
9.48 | CU20SECPB 20 Digit 5x7 Dot Matrix 
0.86 by ISE Japan, 176x56mm £32 each 
WA Ali Special Products: P&P £1.20 
0.80 1 2Na401 DIR 2981052 E 
0.92 E2N4403 0.19 2581185 1.52 
0.92 E2N:921 1.400 28B1238 0.82 
1.40 | 2N5401 0.14. 2@SB750A 1.60 
2.96 JONS415 0.72 258834 1.04 
0.32 [2N3449 0.58 258949 1.48 
0.98 | ?N5459 0.53 255959 1.40 
0.92 | 2N54K5 D48 2901079 5.80 
0.18 12N3876 1.42 28C1115 4.00 
0.26 1 2Naoăa 0.72 2501129 0.48 
0.18 ] 2Noo37 4.72. 2801213 0.40 
0.28 | ?No050 312 2801279 1.10 
0.38 |2N6051! 3.49  28C1318 0.60 
0.18 I2Negsa 2.30 28C1740S 0.40 
2No056h 1.94 25017419 032 
2NODST 2.24 2501775 0.28 
2NA0SS 2.64 2501845 0.28 
1N^109 4.73  285C2009 0.44 
No 423 JSR 2SC2180N 8.96 
5 | 2N6388 0.93 2502235 0.40 
0.28 [2N6317 0.44 28C2258/0 0.76 
0.22 bones. Mad 2SC2238B 0.76 
0.24 [2Nn668 L40 2502240 0.24 
1.22 bangog te  2SC2275 0.64 
8.32 [2N705A vas 28C2275A 0.88 
0.28 Jose 129A $24 29C2278 1.18 
0.32 [55&246Y 0.30 2802362 0.34 
(HAT KASI 1.85 2502389 0.36 
0.30 [3SKs8 0.84  28C2497 1.20 
c =, GS oi 
n.78 TRANSISTORS 28C2591 138 
0.34 2SC2603 0.32 
098 [2SA1100 060 oscaigon zaa 
Los |25A1102 210 sscaigin 2.60 
0.19 [2541104 240 5scaigoN 264 
aig [2SATit1 088 5502243 936 
21b 2SA1263N 1.80 2903377 0.24 
u54 [25A1264N 2.60 25C356 0.56 
o2 [591099 732 2803907 4.20 
ppn [2541302 — 374 230458 015 
212]2851399 058 »sCaas 488 
gag [2341482 078 asGaa6 188 
2.39 [2SA1515 078 556497 iid 
0.32 [29A1516 324 2»sc5384 198 
0.78 |*9A733— 030 2sc60; ^ ogg 
0.10 | 2848548 — 0.52 2scats 068 
0.20 | 254933 9.24 »6C826 0.82 
0.78 [2549335 0.39 556854 0.82 
0.57 |?9A965 060 550895 280 
2.96 | 2SA968 1.10  5SC945 0.20 
3.72 [ 294970 032  2sca71 0.88 


We stock Capacitors, Resistors, D & DIN Connectors, Headers, LED & LCD displays, LEDs, Relays, etc. 
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MINI AUDIO DAC 


Design by T. Giesberts 


A digital-to-analogue converter is described, which is 
intended to be connected directly to a compact disc player or 
digital cassette recorder. A special feature of the circuit is the 

possibility of feeding its clock signal to the digital sound 
source to prevent the conversion causing any jitter. Including 
the power supply, it is contained on a printed -circuit 
board that is somewhat smaller than eurocard size. 


trivingfor perfect sound reproduction 
is a way of life for many audio enthu- 
siasts. To that end, this magazine published 
a digital-to-analogue converter (DAC) in 
1992 which had several switched digital 
outputs. Although the present unit is 
rather different to the earlier one, it still 
combines good audio properties with com- 
pact construction and reasonable cost. 
The converter may be built into an ex- 
isting compact disc (CD) player, or it can 
be constructed in a dedicated enclosure 
for use as a stand-alone unit. 


Circuit description 


The circuit is dominated by two ICs: interface 
receiver IC and D/A converter ICs. 

The S/PDIF input signal is applied via 
Ki to inverter IC], which, owing to Ry and 
Ra, operates as a analogue amplifier with 
a gain of 16 dB. The edges of the output 
signal of the inverter are enhanced by IC; 
and then applied to ICo. 

Crystal X, provides a clock of 16 MHz 
intheabsence of an input signal. Resistor 
Rg and capacitor Cg constitute the time 
constant forthe internal PLL-VCO (phase- 
locked loop voltage controlled oscillator). 
Network Rs-Cs5-D, resets the clock switch- 
ing section of the IC when the supply is 
switched on. 

The sampling frequency ofthe received 
signal is indicated by Da. Dg and Da. 
These LEDs are controlled via outputs Sj 
and S» of ICs, with IC), and ICyq func- 
tioning as buffers. Output DEF switches 
on Dg via T; if the signal has preempha- 
sis. 

Diode Ds is an error indicator which is 
controlled via output ERR. Depending on 
the nature and type ofinterference on the 
input signal, this output is not always 
active, but often provides short pulses. 
Network R6-Co-D; enables the circuit to 
react to these pulses also: it causes the out- 
put of the converter to be muted for some 
tenths of a second when an error occurs. 
The error signal is buffered by IC), before 
it is applied to the mute input of IC3. 

A number of signals is applied to ICs by 
ICs: the sampling rate clock, LRCIN; the 


bit clock, BCKIN; the deamphasis switch- 
ing signal, MD and MC; and, depending 
on the status of jumper JP}, the oscilla- 
tor clock, XTI. 

The deemphasis must be set accord- 
ing to the three sampling frequencies: in 
this description it will be assumed to be 
44.1 kHz. Note that preemphasis is used 
only with older CDs. This is just as well, 
because the internal digital deemphasis 
is the weak point of ICs: it shows a devi- 
ation of almost 1 dB with respect to the 
theoretical correction characteristic. 

The system clock for the converter is pro- 
vided by IC» or by X3. This crystal may have 
a value of 256-f, or 384-f., where f is the 
sampling frequency ofthe applied data. The 
frequency is set by a logic level applied to 
pin 23 via jumper JP». 

Ifa quartz crystal is used, it must also 
serve as the system clock for the equip- 
ment to which the converter is connected. 
This means, of course, that only one piece 
of equipment can be connected to the 
converter, but this will normally not cre- 
ate a problem. 

If IC4 derives its clock from ICs, via 
JP), the clock frequency is determined by 
the input signal. This may create a diffi- 
culty, however, because the stability of 
the system clock is all-important for a 
delta-sigma converter. All jitter and noise 
are reflected in the audio spectrum and the 
noise shaping used in this type of con- 














verter suppresses these spurious signals 
only partially. A quartz clock gives much 
better performance as far as the dynamic 
range and the signal-to-noise ratio in the 
audio band are concerned. It is, there- 
fore, advisable to use a separate quartz clock 
for ICs and not use the clock derived by IC» 
from the received data stream. 

This arrangement resembles that of a 
CD player and stand-alone converter. Such 
a combination uses two links: one for the 
digital audio data and the other for inter- 
connecting the system clock between the 
two units. Although this means an extra 
link, it is a very good way of obtaining the 
best from the combination. 

The additional output required when the 
quartz oscillator is used as the system 
clock for the equipment connected to the 
converter is provided by IC, via Tr; and Ks. 
Since the frequency is 8.192-18.432 MHz, 
the link between the two units must be 75 Q 
coaxial cable. 

Thetransformer prevents an earth loop 
forming. The specified core material pro- 
vides excellent coupling so that the theor- 
etical transformation ratio is achieved in 
practice. 

Capacitor C59 ensures that the screen 
ofthe coaxial cable remains at ground po- 
tential. Resistor Rjg damps any oscillations 
that may arise in open-circuit conditions, 
while Rj | limits any reflections occurring 
when the cable is not terminated correctly 
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to one. 

In the connected eguipment, the co- 
axial cable is linked to the input of the IC 
to which the crystalofthe original system 
clock was connected. Itis thus necessary 
to make sure that the system clock in that 
equipment is similar to that in the con- 


verter. The cable must be terminated by 
a 75 Q resistor and connected to the IC input 
via a | nF capacitor. The level at this pin 
is about 1.5 Vp. 

The analogue, third-order lowpass fil- 
ter in ICs gives 0.2 dB attenuation at 
20 kHz, which ís not sufficient, sothat an 


MINI AUDIO DAC 
external filter has been added. This is es- 
pecially important when 1-bit equipment 
is used owing to the high noise level pre- 
sent above 20 kHz. 

The filter is a fourth-order type based 
on ICs, which provides the wanted slope. 
To ensure equality ofthe two channels, the 
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Fig. 1. Circuit diagram of the mini audio digital-to-analogue converter. 
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The PCM1710U 

The PCM1710U from Burr-Brown is a 
multi-bit, fourth-order delta-sigma digi- 
tal-to-analogue converter (DAC). The di- 
agram shows the various functions pro- 
vided by the device. The seríal interface 
accepts 16-bit and 20-bit data formats 
from most current DSPs or AES/EBU 
interfaces. As an option, the 16-bit 2S bus 
format may be used. To be compatible with 


„systems to come, the device also has a dou- 
-ble-speed mode (in which data at twice - 
“the current sampling rate of 44.1 kHz 


„can be processed). F 
The PM1710U makes an analogue volume 
controlsuperfluous, because it has an in- 


_tegral, preset logarithmic 127-step at- - 
“tenuator, which may be controlled by a — 
- 7-bit code (not used in the present con-. 
- verter, since that would have meant an - 
"additional processor). A soft-mute cir- - 


‘cuit, which prevents spurious signals 
entering theIC, has been added to the elec- 
tronic amplitude control. 

Before the digital data reach the IC, they 
are passed through an FIR filter with 
x8 oversampling. This gives a damping 
factor of -62 dB outside the audio band. 


940099-13 


place at digital level. The ripple in the 


passband is 0.008 dB. 


The basis of the PCM1710U is a newly 


developed multi-bit delta-sigma con- 


verter. The advantage of this over 1-bit 


converters is the lower oversampling fre- 
quency. This results in a more equal dis- 
tribution of noise over the audio band, 


„Which in turn gives a better signal-to-noise 
„ratio at higher frequencies. Moreov 


he circuit is much less sensitive to clor 


| induced jitter. Th e signal-to-1 
- is about 100 dB, and the ma 


ers specify a dyn 
 Distortion«noise amount to 
„An additional stage in the IC | 
against externally generated jit 


“The pulse-width-modulated output s 
< nal of the IC is reconstructed by an in- 
 ternal passive second-order filter andan 
active first-order filter. The CMOS op amp. 


used for this delivers upto 3.2 Vpptoa load 
of 5 KO. 

The PCM1710U, which is housed in. a 
28-pin SOIC case, requires a single power 
supply of 5 V. 
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Fig. 2. Printed-circuit board for the D/A converter (overlay on opposite page). 
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Fig. 3. How to Construct the output 
transformer for the clock signal. 


filter components need a tolerance of 1%; 
Table 1 gives the values lor a Butterworth 
and a Bessel characteristic. The compo- 
nents specified in the parts list have a 
value that gives a compromise between these 
characteristics. 

The op amps also function as ampli- 
fier/buffer. Their gain raises the 3.2 Vp) 
output ofICs to 2 Vms at Kg and Ky. Buffering 
is needed because the op ampin IC4 must 


see a load of 25 kO. The op amps draw a 
fairly large bias current, resulting in a 
rather large voltage drop across R)7-R9 
and Ro5-Rog, which is compensated by 
presets P, and P3. 

Relay Re], in conjunction with To and 
Ts, mutes the clicks caused by on and off 
switching of the supply. The supply volt- 
age to these transistors, which are cas- 
caded, is 25 V. When the supply is switched 
on, it takes a few seconds (time constant 
R34-R35-C47) before T5 conducts. Resistor 
Rag arranges for T3 to function as a cur- 
rent source so that the current through 
the relay has virtually no ripple in spite 
of the low value of C46. 

Transistor Ts ensures that relay is de- 
energized rapidly when the supply is 
switched off, since it will cut off as soon 
asits base potential, derived from voltage 
divider R33-R34. drops below 1 V. This 
value may be altered slightly as required 
by changing the value of R33. 

The circuit uses supply voltages of +8 V 
for the analogue section and +5 V for the 
digital section. These supplies are isolated 
from one another up to ICs by trans- 
former Tra. Resistors R37 and Rag limit the 
charging current to C5; and decouple the 

























a 
v 
| o o 
: 
O | 
E O 
| B S 00 00 
| Soc 
a =o 00009 9,9 
© D 0000 
| G CX) oo € 
| ie. © o o 8 
o= o 9 
o == 
Q == o 9 
| G E jg 000 
E o dit o o 
= 00 
O]. 
| O, 
| CD 
go o, o 
XN sen 
0000 
O O o 
oo o 
o o 
| E 
NN | 





ELEKTOR ELECTRONICS JANUARY 1995 


MINI AUDIO DAC PA 
supply lines for RF. The value of Cs, is 
higher than usual to reduce the ripple on 
the supply lines to the digital section to a 
minimum. The supply line to IC is addi- 
tionally decoupled for RF by Lj. The supply 
lines to ICs are additionally decoupled for 
RF by Lo and Lg. 


Construction 


The converteris intended to be built on the 
printed-circuit board in Fig. 2. Note that 
a number of components must be sol- 
dered in place upright. 

If polypropylene instead of polystyrene 
capacitors are used for Co5-Cog and Cso-C33, 
the filter characteristic will be slightly less 
accurate. The capacitors should be matched 
on a capacitance meter to ensure that 
theirvaluesin the two channels are iden- 
tical. Deviations between the channels 
are far more disturbing than a somewhat 
less accurate filter characteristic. The type 
of filter is an individual choice. A Bessel 
type has no overshoot or ringing and the 
impulse response lacks oscillatory be- 
haviour, but its frequency response is 
rather less selective than that of a Butter- 
worth type. Also, the latter has good tran- 
sient characteristics. 

Output transformer Tr, is formed by lay- 
ing a 15-turn primary and a 5-turn sec- 
ondary winding on to a G2-3/FT12 toroidal 
core as shown in Fig. 3. Windings as 
shown keep capacitive coupling to a min- 
imum. After soldering the terminals in 
place. fix the transformer on the board 
with a few drops of appropriate fast-set- 
ting glue. 

Circuit IC4 is a surface-mount device 
(SMD). Such a device is best fixed with a 











Fig. 4. The D/A converter constructed as a stand-alone unit. 
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drop of glue: make sure that the pins are 
inthe correct position, and then solder the 
pins in place. 

The answer to the question of whether 
to use a dedicated crystal for the system 
clock or not depends on what purpose the 
converter is to serve. Ifitisintended toim- 
prove the performance of a CD player, 
open the case of this and note the value 
of the crystal (modern players use only a 
single crystal) If the frequency is 
11.2896 MHz or 16.9344 MHz, the clock 
of the converter may be used. In other 
equipment, such as a DAT recorder (but 
not a CD player), with a sampling fre- 
quency of 48 kHz, the crystal must be 





12.228 MHz or 18.432 MHz or, if the sam- 
pling frequency is 32 kHz, the crystal 
should be 8.192 MHz or 12.288 MHz. If 
so, the clock ofthe converter may be used. 
Remove the relevant crystal (and the two 
customary ceramic capacitors) from the 
CD player (or DAT recorder) and use it as 
X in the converter circuit. If the frequency 
is the lower of the pair stated, set the 
link of jumper JP» between 1 and 2; if the 
higher of the two, set the link between 2 
and 3. Also, set the link of JP, between 2 
and 3. 

The system clock from the converter 
is connected to the free pins on the rele- 
vant IC in the CD player (or recorder). Which 
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AUDIO PRECISION CPCROSSI XTALK(dR) vs FREQ(Rz) 26 SEP 94 14:16:57 
































































































































way around is quickly seen on the circuit 
diagram of the equipment. If this is not 
available, solder the link in place: if the 
player does not work, reverse the con- 
nections. 

Ifthe crystals frequencies are different 
from those given, the converter clock can 
not be used as the system clock. In that 
case, omit X» and use the system clock of 
ICs by placing the link on JP, between 1 
and 2. The clock output circuit based on 
IC, and Tr, can also be omitted. 

Solder pins in the LED positions so that 
the diodes can be fitted directly on the 
front panel of the enclosure (if used) and 
linked tothe pins by short lengths of equip- 
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Fig. 5. Measurement results of prototype. (a) The frequency characteristic is virtually straight at 10 Hz, but at 20 kHz the deviation 
resulting from the output filter is about 0.4 dB. (b) Crosstalk between the two channels. (c) Non-linearity of the converter 
becomes only iioticeable between -90 dB and —100 dB . (d), (e) and (f) are Fourier analyses of a 997 Hz output signal; at (d) the 
clock for the converter was derived from the digital input signal via the YM3623B; at (e) the converter had a dedicated crystal that 
was also linked to the CD player; the distortion residue of the 997 Hz signal is clearly visible (THD about 0.001%). The rising of the 
audio band above 20 kHz is typical of a noise-shaping DAC. The failing off above 50 kHz is caused by the analogue output filter. 
The noise in the audio band is here almost 30 dB lower than at (d). (f) Shows the same situation as in (e), but without the analogue 
output filter. Note that the noise in the audio band is appreciably higher. 
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Fig. 6. Suggested front panel for the D/A converter (not available ready made) (scale 3:4). 
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Table 1. Component values for different types of filter. 


ment wire. The LEDs are not required if a 
common system clock is used. 

The board may be built into a CD player 
or constructed as a stand-alone unit (see 
Fig. 4). If the latter, a suggested front 
panellayout is shown in Fig. 6. Make sure 
that the audio output sockets at the rear 
of the enclosure are in line with the rele- 
vant connections on the board. Also, sock- 
ets are required for the system clock (if used) 
and the digital audio signal. These must 
be connected to the board by short lengths 
of coaxial cable. Finally, a mains entry 
with integral fuse and a mains on/off 
switch must be fitted 


Adjusting the presets 


Connect a multimeter (set to lowest di- 
rect voltage range) to one of the the out- 
puts ofthe converter. Switch on the mains 
and let the circuit warm up for 10-15 min- 
utes. Do not apply an input signal and 
adjust the relevant preset for zero read- 
ing. Connect the multimeter to the other 
output and adjust the other preset for zero 
reading. 


Parts list 


Resistors: 

Ry). Ru 2759 

Ro, Rog. Rao, Rag = 100 Q 
R3 = 10 KQ 

Ri < 10 0 

Rs = 18k0 

Rs, Rig = 2702 

R7 = 1 MQ 

Rg = 2.22 

Rg, Ry3 = 560 Q 

R15. R14 = 680 0 

Ris =4709 

Rig = 22 MQ 

Ry7, Ros = 47.5 KQ, 1% 
Rig, Rio. Rog, Ro7 = 4.64 kQ, 1% 
Roo, Rog = 7.87 kQ, 1% 
Ro], Rog = 4.99 KQ, 1% 
Roo, Rag = 2.55 kQ, 1% 
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MINI AUDIO DAC 


AP Performance Audio 


The Journal of High Performance Audio Construction 
Editor ; Graham Nalty M.A. (Mechanical & Electrical Sciences - Cambridge) 


Issue Two - December 1994 includes:- 


Gain Linear Transistors - Better Specs - Better Sounds? 

Avalance Soft Recovery Diodes - Lower RFI? 

Plicaps - Lower Impedance, but do they sound better? 

Loudspeaker Upgrading - Solen Polypropyleues at the value you want! 
The Apex Power Amplifier - Designed in 1987, but still going strong! 
Vishay Bulk Foil Potentiometer - The best continuous volume control? 
Sonic Link Green 75 OHM - Better CD to D-A, but how about the TV reception? 
The Impossible Dream - Up to 100 Watts Single Ended Class A! 
Elektor Amplifier Projects - AP can supply the parts you need. 

High Performance Car Audio - A challenge for Audiophiles? 
Basement Bargain Bin - Which parts at Silly Prices this time? * 


Plus Readers Prizewinning Letters and much more. 
Issue 2 available early December - Send £1 or 5x19p stamps 


1995 Subscription £5 (overseas £10) includes December 1994 issue 


AP Electronics 


Audiophile Parts at Affordable Prices 


Rog, Ra] = 2.00 KQ, 
196 

Raa = 820 KQ 

Rai = 10 MQ 

Ras = 1.5 MQ 

R37, Rag = 5.69 

P,, Py = 10 MQ 
preset 


Capacitors: 

C, = 10 nF ceramic 

Co, Cig-C2j. C23. 

C36-C39. C42. C43. 
Ca, Cao = 100 nF, 
ceramic 

Ca, C4 = 10 pF 

Cs = 100 nF 

Cg = 8.2nF 

C7, Cop = 47 nF ceramic 

Cg = 4.7 pF, 63 V, radial 

Cg zI5nk 

Cio = 47 pF 

Ci = 39 pF 

C2. C13, C34. C35. C40, C41. Cag = 10 pF, 
63 V, radial 

C14. Cie = 100 pF, 10 V, radial 

Co4, Cog = 2.2 pF, polypropylene, 
pitch 5mm 

Cos, Cao = 820 pF, 1%* 

Cog, C3] = 15 nF, 1%* 

Co7, C39 = 560 pF, 1%* 

Cog, C33 = 330 pF. 190” 

C44. Cas. Cs] = 1000 pF. 16 V, radial 

C46 = 22 pF, 40 V, radial 

C47 = 2.2 UF, 63 V, radial 

*polystyrene (preferred) or polypropylene 


Inductors: 
Li-L3 = 47 uH 


Semiconductors: 

D,, Du = 1N4148 

D», Dg = LED, yellow, low current 
Da, Ds = LED, red, low current 
D, = LED, green, low current 

D7 = BAT85 

Dg-D1o = 1N4002 

B, - B80C1500 rectifier bridge 


Hotline For Free Technical Advice - 
Tel: 01332-674929 9-10am Mondays-Sundays 


1995 CATALOGUE now available - £4.95 
(or FREE with your next £40 « order) 


Please make cheques payable to "Audiokits" 


Credit Card Telephone Order Hotline 01332 674929 
(messages recorded when unattended - please give full details) 


Derwent Business Centre, Clarke Street, Derby DE1 2BU 
Tel: 444-1332-674929 


Fax: +44-1332-298836 








T; = BC547B 
To = BC516 
Ta = BC517 


Integrated circuits: 

IC, = 74HCU04 

IC = YM3623B (Yamaha) 

ICs  PCM1710U (Burr-Brown) 
IC, = 74HC86 

ICs = NE5532 

ICg = 7808 

IC? = 7908 

ICg = 7805 


Miscellaneous: 

JP). JP» = 3-way PCB header with link 

K-K; = audio socket (chassis mounting) 

Ks = 2-way terminal block, pitch 7.5 mm 

Core for Tr; = G2-3/FT12 

Enamelled copper wire 0.7 mm dia. (for 
winding Try) as required 

Tra = mains transformer, 2x9 V, 3.3 A 

X, = crystal, 16 MHz 

X» = crystal 11.2896 MHz or 16.9344 MHz 

Re, = relay with 2 change-over contacts, 
coil 12 V, 10 mA 

Enclosure, ESM ET24/04, 180 mm deep 
(Maplin) 

PCB Order No. 940099-1 

[940099] 





PC PAL VGA TO TV CONVERTER Converts a colour TV into 
a basic VGA screen. Complete with built in psu, lead and s/ware 
£49.95. Ideal for laptops or a cheap upgrade. 

EMERGENCY LIGHTING UNIT Compiete unit with 2 double 
bulb floodlights, built in charger and auto switch. Fully cased. 6v BAH 
lead acid req'd. (secondhand) £4 ref MAG4P11. 

GUIDED MISSILE WIRE. 4.200 metre reel of ultra thin 4 core 
insulated cable, 28lbs breaking strain, less than 1mm thick! ideal 
alarms, intercoms, fishing, dolis house's etc. £14.99 ref MAG15P5 
SINCLAIR C& 13" WHEELS Compiete with centre bearing 
(cyde type), tyre and innertube. £6 ea ref MAG 6P 10. Ideal qo kart 
300v PANEL METER 70X60X50MM, AC, 90 degree scale. Good 
quality meter. £5.99 ref MAG 6P 14. Ideal for monitoring mains etc. 
ASTEC SWITCHED MODE PSU BM41012 Gives +5 @ 375A, 
+12@1.5A, -12@ 4A. 230/110, cased, BM41012 £5.99 ref AUG6P3. 
TORRODIAL TX 20-0-30 480VA, Perfect for Mosfet amplifiers 
etc. 120mm dia 55mm thick. £18.99 ref APR19. 

AUTO SUNCHARGER 155x300mm solar panei with diode and 
3metrelead fitted with a cigar plug. 12v 2watt. £8.99 ea ref AUGIOPI. 
FLOPPY DISCS DSDD Top quality 5.25" discs, these have been 
written to once and are unused. Pack of 20 is £4 ref AUG4P 1. 
MOD WIRE Perfect for repairing PCB's, wire wrap etc. Thin 
insulated wire on 500m reels, Our price just £9.99 ref APR 1OP8. 
12v MOVING LIGHT Controller. Madeby Hella, 6 channels rated 
at 90watts each. Speed control, cased. £34.99 ref APR35. 
ECLATRON FLASH TUBE As used in police car frashing lights 
etc, full spec supplied, 60-100 flashes a min. £9.99 ref APR10P5. 
24v AC 96WATT Cased power supply. New. £13.99 ref APR 14. 
MILITARY SPEC GEIGER COUNTERS Unused and straight 
from Her majesty's forces. £50 ref MAG 50P3. 
STETHOSCOPE Fully functioning stethoscope, ideal for listening 
to hearts, pipes, motors etc. £6 ref MAR6P6. 

OUTDOOR SOLAR PATH LIGHT Captures sunlight during 
the day and automatically switches on a built in lamp at dusk. 
Complete with seales lead acid battery etc £19.99 ref MAR20P 1. 
ALARM VERSION Of above unit comes with built in alarm and pir 
to deter intruders. Good vaiue at just £24.99 ref MAR25P4. 
CLOCKMAKER KIT Hours of fun making your own clock, com- 
piete instructions and everything you need. £7.99 ref MAR8P2. 
CARETAKER VOLUMETRIC Alam, will cover the whole of the 
ground floor against forcred entry. includes mains power supply and 
integral battery backup. Powerful internal sounder, will take extemal 
bell if req'd. Retail £150*, ours? £49 99 ref MARSOP 1. 
TELEPHONE CABLE White 6 core 100m reel complete with a 
pack of 100 clips. ideal ‘phone extns etc. £7.99 ref MARB8P3. 

IBM PC CASE AND PSU ideal base for building your own PC. 
Ex equipment but OK. £9.99 each REF: JUN10P2. 
MICRODRIVE STRIPPER Small cased tape drives ideal for 
stripping, lots of useful goodies induding a smart case, and lots of 
components. £2 each ref JUN2P3. 

SOLAR POWER LAB SPECIAL You get TWO 6'x6' 6v 130mA 
solar cells. 4 LED's, wire, buzzer, switch plus 1 relay ormotor Superb 
value kit just £5.99 REF. MAG6P8 

i SOLID STATE RELAYS will switch 25A mains. input 3.5-26v 
DC 57x43x21mm with terminal screws £3.99 REF MAGAP 10 
300DPi Ad DTP MONITOR Brand new but shop solled so hence 
bargain price! TTL/ECL inputs, 157 landscape, 1200x1664 pixel 
complete with circuit diag to help you interface with your projects. 
JUST £14.99. REF JUN15P2. 

MULTICORE CABLE 300 metre reel of grey 8 core cable ideal 
for 'phones, intercomms, computers, alarms etc. Comes in 
specialdispensing container to avoid tangles. £15 ref AUG15. 
BUGGING TAPE RECORDER Smallvoice activated recorder, 
usesmicro cassette complete with headphones. £28.99 ref MAR29P 1 
ULTRAMINIBUG MIC 6mmx3.5mm made by AKG, 5- 12v electret 
condenser. Cost £12 ea, Our? four for £9.99 REF MAG10P2. 
RGB/CGAJEGA/TTL COLOUR MONITORS 12 in good 
condition. Back anodised metal case. £79 each REF JUN79 
GX4000 GAMES MACHINES returns so ok for spares or repair 
£9 each (no games). REF MAGSP1 

C64 COMPUTERS Retums, so ok for spares etc £9 ref MAGOP2 
FUSELAGE LIGHTS 3 foot by 4' panel 1/8* thick with 3 panels 
that glow green when a voltage is applied. Good for night lights.front 
panels, signs. disco etc. 50- 100v per strip. £25 ref MAG25P2 
ANSWER PHONES Returns with 2 faults, we give youthebits for 
1 fault, you have to find the other yourself, BT Response 200's £18 
ea REF MAG18P1. PSU £5 ref MAGSP 12. 

SWITCHED MODE PSU ex equip, 60w «5v (55A, -5v(.5A, 
+12V@2A,-12v@ 5A 120/220v cased 245x88x55mm IECinput 
socket £6.99 REF MAG7P1 

PLUG IN PSU 9V 200mA DC £2.99 each REF MAG3P9 
PLUG IN ACORN PSU 19v AC 14w , £2.99 REF MAG3P 10 
POWER SUPPLY fully cased with mains and o/p leads 17v DC 
900mA output Bargain price £5.99 ref MAG6P3 

ACORN ARCHIMEDES PSU «5v @ 44A. on/off sw uncased, 
selectable mains input, 145x 100xdbmm £7 REF MAG7P2 
GEIGER COUNTER KIT Low cost professional twin tube, com- 
plete with PCB and components. Now only £19 REF AUG189. 

9v DC POWER SUPPLY Standard plug in type 150ma 9v DC 
with lead and DC power plug. price for two is £2.99 ref AUG3P4_ 
AA NICAD PACK encapsulated pack of 8 AA nicad batteries 
(tagged) ex equip, 55x32x32mm. £3 a pack. REF MAG3P 11 
13.8V 1.9A psu cased with leads. Just £9.99 REF MAG10P3 
360K 6.26 brand new haif height floppy drives !BMcompatible 
industry standard. Just £6.99 REF MAG7P3 

PPC MODEM CARDS. These are high spec plugin cards made 
for the Amstrad laptop computers. 2400 baud dia! up unit compiete 
with leads. Clearance pnce is £5 REF: MAG5P1 

INFRA RED REMOTE CONTROLLERS Originally made for 
hi spec satellite equipment but perfect for ali sorts of remote control 
projects. Our dearance price is just £2 REF: MAG2 

TOWERS INTERNATIONAL TRANSISTORGUIDE. A very 
useful book for finding equivalent transistors, leadouts, specs etc. 
£20 REF: MAG20P1 

SINCLAIR C6 MOTORS we have a few left without gearboxes. 









NEW BULL ELECTRONICS STORE IN 


WOLVERHAMPTON 


55A WORCESTER ST TEL 0902 22039 
Spec is12v DC 3,300rpm £25 ref MAG25. 


kazana vvar ace EV PRODUCT: See 
200 WATT INVERTER Converts 10-15v DC into 
either 110v or 240v AC. Fully cased 
115x36x 156mm, complete with heavy duty power 
lead, cigar plug, AC outlet socket.Auto overload 
shutdown, auto short circuitshut down, auto input 
over voltage shutdown, auto input under voltage 
shutdown (with audible alarm), auto temp control, 
unitshuts down ifoverheated and sounds audible 
alarm. Fused reversed polarity protected. output 
frequency within 296, voltage within 1096. A ex- 
tremely well built unit at a very advantageous 
price! Price is £64.99 ref AUG65. 
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UNIVERSAL SPEED CONTROLLER KIT Designed by us for 
the C5 motorbut ck forany 12v motor up to 30A. Complete with PCB 
elc. A heat sink may be required. £17.00 REF: MAG17 
MAINSCABLE Precut black 2 core 2 metre lengths ideal for 
repairs, projects etc. 50 metres for £1.99 ref AUG2P7. 
COMPUTER COMMUNICATIONS PACK Kit contains 100m 
of 6 core cable, 100 cable clips, 2 line drivers with RS232 interfaces 
and all connectors etc. Ideal low cost method of communicating 
between PC'soveralong distance. Compietekit £15.99 RefMAR 16P2. 
MINICYCLOPS PIR 52x62x40mm runs on PP3 battery comptete 
with shrill sounder. Cheap protection at only £5.99 ref MAR6P4. 
ELECTRIC MOTOR KIT Comprehensive educational kit in- 
cludes ail you need to build an electric motor. £9.99 ref MAR10P4. 
VIDEO SENDER UNIT. Transmits both audio and video signals 
from either a video camera, video recorder, TV or Computer etc to 
any standard TV setín a 100' range! (tune TV to a spare channel) 12v 
DC op. Príceis£15 REF: MAG15 12v psu is£5 extra REF: MAG5P2 
*FM CORDLESS MICROPHONE Small hand held unit with a 
500' range! 2 transmit power levels. Reqs PP3 9v battery. Tuneable 
to any FM receiver. Price is £15 REF: MAG15P1 

LOW COST WALKIE TALKIES Pair of battery operated units 
with a range of about 200°. ideal for garden use or as an educational 
toy. Price is £8 a pair REF: MAG 8P1 2x PP3 req'd. 
*MINATURE RADIO TRANSCEIVERS A pair of walkie talkies 
with a range of up to 2 kilometres in open country. Units measure 
22x52x155mm. Complete with cases and earpieces. 2xPP3 req'd. 
£30.00 pair REF: MAG30. 

COMPOSITE VIDEO KIT. Converts composite video into sepa- 
rate H sync, V sync, and video. 12v DC. £8.00 REF: MAG8P2, 
LQ3500 PRINTER ASSEMBLIES Made by Amstrad they are 
entire mechanical printer assemblies including printhead, stepper 
motors etc etc in fact everything bar the case and electronics, a good 
strippen £5 REF: MAG5P3 or 2 fcr £8 REF: MAG8P3 
SPEAKER WIRE Brown 2 core 100 foot hank £2 REF: MAG2P1 
LED PACK of 100 standard red 5m feds £5 REF MAG5P4 
UNIVERSAL PC POWER SUPPLY compiete with fiyieads, 
switch, fan etc. Two types available 150w at £15 REF. MAG15P2 
(23x23x23mm) and 200w at £20 REF: MAG20P3 (23x23x23mm) 
“FM TRANSMITTER housedina standard working 13A adapten! 
the bug runs directly off the mains so lasts forever why pay £700? or 
price is £26 REF: MAG26 Transmits to any FM radio. 

“FM BUG KIT New design with PCB embedded coil for extra 
stability. Works to any FM radio. 9v battery req'd. £5 REF: MAGSP5 
“FM BUG BUILT AND TESTED superior design to kit. Supplied 
to detective agencies. 9v battery req'd. £14 REF. MAG14 
TALKING COIN BOX STRIPPER originally made to retail at £ 79 
each, these units are designed to convert and ordinary phone into a 
payphone. Theunits have thelocks missing and sometimes broken 
hinges. However they can be adapted for their original use or used for 
something else?? Price is just £3 REF: MAG3P1 

190 WATT MOSFET PAIR Same spec as 25K 343 and 25J413 
(BA, 140v, 100w) 1 N channel, 1 P channel, £3 a pair REF: MAG3P2 
TOP QUALITY SPEAKERS Made for HI FI televisions these are 
10 watt 4R Jap made 4 round with large shielded magnets. Good 
quality. £2 each REF: MAG2P4 or 4 for £6 REF: MAG6P2 
TWEETERS 2' diameter good quality tweeter 140R (ok with the 
above speaker) 2 for £2 REF: MAG2P5 or 4 for £3 REF: MAG3P4 
AT KEYBOARDS Made by Apricot these quality keyboards need 
justa smali mod to run on any AT, they work perfectly but you will have 
to put up with 1 or 2 foreign keycaps! Price £6 REF: MAGSP3 

PC CASES Again mixed types so you take a chance next one off the 
pile £12 REF:MAG12 or two the same for £20 REF: MAG20P4 
HEADPHONES Ex Virgin Atlantic. 8pairstore2 REF: MAG2P8 
PROXMITY SENSORS These are small PCB's with what look 
like a source and sensor LED on one end and lots of components on 
the rest of the PCB. Complete with fly leads. Pack of 5£3 REF: MAG: 
3P5 or20for£8 REF: MAG8P4 





“SOME OF OUR PRODUCTS MAY Bt UNLICENSABLE IN THE UK 


250 PORTLAND ROAD HOVE SUSSEX 
BN3 5QT 


WITH ORDER PLUS £3.00 POST PLUS VAT. 
PLEASE ALLOW 7 - 10 DAYS FOR DELIVERY 


ae TELEPHONE ORDERS WELCOME ELS 
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FAX: 0273 323077 E 
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SNOOPERS EAR? Original made to clip over the earpiece of 
telephone to amplify the sound-it also works quite well on the cable 
running along the wall! Price is £5 REF: MAGSP7 


DOS PACKS Microsoft version 3.3 or higher complete with ail | 
manuals or price just £5 REF: MAGSPB Worth it just for the very 
comprehensive manual! 5.25* only. 

DOS PACK Microsoft version 5 Original software but no manuals 
hence only £3 REF: MAG3P8 5.25' only. 

PIR DETECTOR Made by famous UK alarm manufacturer these 


are hi spec, long range internal units. 12v operation. Slight marks on 
case and unboxed (although brand new) £8 REF: MAG8P5 
WINDUP SOLAR POWERED RADIO AM/FM radio complete 
with hand charger and solar panel! £14 REF: MAG14P1 
MOBILECARPHONE£S.99 Well almost! completein car phone 
excluding the box of electronics normally hidden under seat. Can be 
made to illuminate with 12v also has built in light sensor so display 
only illuminates when dark. Totally convincing! REF: MAG6P6 
ALARM BEACONS Zenon strobe made to mount on an external 
bell box but could be used for caravans etc. 12v operation. Just 
connect up and it flashes regulariy) £5 REF: MAGSP 11 

FIRE ALARM CONTROL PANEL High quality metal cased 
alarm panel 350x165x80mm With key. Comes with electronics but 
no information. sale price 7.99 REF: MAG8P6 

REMOTE CONTROL PCB These are receiverboards for garage 
door opening systems. Another use? £4 ea REF: MAG4P5 
6"X12" AMORPHOUS SOLAR PANEL 12v 155x310mm 
130mA. Bargain price just £5.99 ea REF MAG6P12. 

FIBRE OPTIC CABLE BUMPER PACK 10 metres for £4.99 | 
ref MAGSP 13 ideal for experimenters! 30 m for £12.99 ref MAG 13P1 
LOPTX Line output transformers believed to be for IBM hi res colour 
monitors but useful for getting high voltages from low ones! £2 each 
REF: MAG2P 12 bumper pack of 10 for £12 REF: MAG12P3 
HEATSINKS (finned) 10220, designed to mount vertically on ap 
50x40x25mm you can have a pack of 4 for £1 ref JUN 1P11. 


WATERPROOF JUNCTION BOX 65mm dia 33mm deep. Four 
cable entry exit points (adjustable for any size cable) snap fitlid. Ideal 
for TV, satellite use. £2 ea ref APR2 or 6 for £10 ref APR10P7. 


BOTH SHOPS OPEN 9-5.30 
SIX DAYS A WEEK 


INFRARED LASER NIGHT SCOPES 
Second generation image intensifier 
complete with hand grip attachment 
with built in adjustable laser lamp for 
zero light conditions. Supplied with 
Pentax 42mm camera mount and 
normal eye piece. l.6kg, uses 
IXPP3,3xAA's (all supplied)£245 Vat 
NEW HIGH POWER LASERS 
15mW, Helium neon, 3 switchable 
wavelengths .63um,1.15um,3.39um 
(2 ofthem are infrared) 500:1 polarizer 
built in so good for holography. Sup- 
plied complete with mains power 
supply.790x65mm. Use with EX- 
TREME CAUTION AND UNDER 
QUALIFIED GUIDANCE. £349-4 Vat. 


£££££££€WE BUY SURPLUS STOCK£££££££ 
TURN YOUR SURPLUS STOCK INTO CASH, 
IMMEDIATE SETTLEMENT. WE WILL ALSO QUOTE FOR 
COMPLETE FACTORY CLEARANCE. 


1994 CATALOGUE. 


MINIMUM GOODS ORDER £5 00 TRADE ORBERS FROM GOVERNMENT, SUHCOLS, 
UNIVERSITIES S LOCAL AUTHORITIES We-1 COME ALL OC SUPPLIEG SUBJECT TO 
OUR CONDIT IONS Of SALE AND UNLESS OTHERWISE STAT LID GUARANTEEDEOR 30 
DAYS RIGHTS RESERVED E OIHANGE PRICES & SPECIFICATIONS WITHOUT PRIOR 
NOTICE ORDERS SUBJECT TO Z TOC œ GUGTAT ENS WLETGUY GR EN FOR GUAM 
TITIES HESHER THAN THOSE STAT ED 


3FT X TFT TOWATT SOLAR PANELS 
14.5v/700mA 
£33.95 


(PLUS $2 00 SPECIAL PACKAGING CHARGE) 


TOP QUALITY AMORPHOUS SILICON CELLS HAVE ALMOST A 
TIMELESS LIFESPAN WITH AN INFINITE NUMBER OF POSSIBLE AP- 
PLICATIONS, SOME OF WHICH MAY BE CAR BATTERY CHARG- 
ING, FOR USE ON BOATS OR CARAVANS, OR ANYWHERE A 
PORTABLE 12V SUPPLY IS REQUIRED. REF: MAG34 


PORTABLE RADIATION DETECTOR 
£49.99 


A Hand held personal Gamma and X Ray detec- 
or. This unit contains two Geiger Tubes, has a 4 





digit LCD display with a Piezo speaker, giving an 


audio visual indication. The unit detects high 
energy electromagnetic quanta with an energy 
rom 30K eV fo over 1.2M eV and a measuring 
range of 5-9999 UR/h or 10-99990 Nr/h. Supplied 


omplete with handbook.Ref MAGSO. 
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POWER AMPLIFIER MODULES-TURNTABLES-DIMMERS- 
LOUDSPEAKERS-19 INCH STEREO RACK AMPLIFIERS SERVICE + LARGE (A4) S.A.E, 60 


eee ae els est) THOUSANDS PURCHASED ee ae le al ee) SUPPLIED READY BUILT AND TESTED. 
HIGH POWER, TWO CHANNEL 19 INCH RACK 


BY PROFESSIONAL USERS These modules now enjoy a world-wide reputation for quality, reliability and .pertormance at a realistic price. Four 
models are available to suit the needs of the professional and hobby market i.e. industry, Leisure, Instrumental and Hi-Fi 
etc. When comparing prices, NOTE that ali models include toroidal power supply, integral heat sink, glass fibre P.C.B. and 
drive circuits to power a compatible Vu meter, All models are open and short circuit proof. 


THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS 


OMP/MF 100 Mos-Fet Output power 110 watts 

i R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 

FS < ENG. : -3dB, Damping Factor ::300, Slew Rate 45V/uS, 

; | T.H.D. typical 0.002%, Input Sensitivity 500mV, S.N.R. 
-110 dB. Size 300 x 123 x 60mm. 

PRICE £40.85 - £3.50 P&P 
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DE me | OMP/MF 200 Mos-Fet Output power 200 watis 


R.M.S.i 4 if 1Hz - 100KH 
THE RENOWNED MXF SERIES OF POWER AMPLIFIERS d pri Die tat Diem Hae SOW/US: 
FOUR MODELS:- MXF200 (100W + 100W) MXF400 (200W + 200W) 


T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R. 
MXF600 (300W + 300W) MXF900 (450W + 450W) PRICE £64.35 + £4.00 P&P 
ALL POWER RATINGS R.M.S. INTO 4 OHMS, BOTH CHANNELS DRIVEN * s 
FEATURES: xindependent power supplies with two toroidal transformers * Twin L.E.D. Vu meters * 
Level controls * Illuminated on/off switch * XLR connectors * Standard 775mV inputs * Open and short circuit 
proof * Latest Mos-Fets for stress free power delivery into virtually any load * High slew rate * Very low 
distortion * Aluminium cases + MXF600 & MXF900 fan cooled with D.C. loudspeaker and thermai protection. 


USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC. 
SIZES:- MXF200 W19"xH3"2" (2U)xD1 1" 
MXF400 W19"xH5*4" (3U)xD12" 
MXF600 W19"xH5*4" (3U)xD13" 
MXF900 W19"xH5"4" (3U)xD14*." 
PRICES:-MXF200 £175.00 MXF400 £233.85 
MXF600 £329.00 MXF900 £449.15 
SPECIALIST CARRIER DEL. £12.50 EACH 

















OMP/MF 300 Mos-Fet Output power 300 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
»* -3dB, Damping Factor -300, Slew Rate 60V/uS, 
~ T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R. 
-110 dB. Size 330 x 175 x 100mm. 

PRICE £81.75 + £5.00 P&P 



























OMP/MF 450 Mos-Fet Output power 450 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor -300, Slew Rate 75V/uS, 
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R. 
-110 dB, Fan Cooled, D.C. Loudspeaker Protection, 2 
Second Anti-Thump Delay. Size 385 x 210 x 105mm. 

PRICE £132.85 + €5.00 P&P 









OMP/MF 1000 Mos-Fet Output power 1000 watts 
R.M.S. into 2 ohms, 725 watts R.M.S. into 4 ohms, 
frequency response 1Hz - 100KHz -3dB, Damping 
Factor -300, Slew Rate 75V/uS, T.H.D. typical 
0.002%, Input Sensitivity 500mV, S.N.R. -110 dB, Fan 
Cooled, D.C. Loudspeaker Protection, 2 Second 
Anti-Thump Delay. Size 422 x 300 x 125mm. 

PRICE £259.00 + £12.00 P&P 














Advanced 3-Way Stereo Active Cross-Over, housed in a 19" x 1U case. Each channel has three level controls: 
bass, mid & top. The removable front fascia allows access to the programmable DIL switches to adjust the 
cross-over frequency: Bass-Mid 250/500/800Hz, Mid-Top 1.8/3/5KHz, all at 24dB per octave. Bass invert switches 
on each bass channel. Nominal 775mV input/output. Fully compatible with OMP rack amplifier and modules. 


Price £117.44 + £5.00 P&P 


STEREO DISCO MIXER S 2 X Sen & SOUND EFFECTS% 


STEREO DISCO MIXER with 2 x 7 band 
L & R graphic equalisers with bar graph 
LEO Vu meters. MANY OUTSTANDING 
FEATURES:- including Echo with repeat & 
speed control, DJ Mic with talk-over 
switch, 6 Channels with individual faders 
plus cross fade, Cue Headphone Monitor. 8 
Sound Effects. Useful combination of the 
following inputs:- 3 turntables (mag), 3 
mics, 5 Line tor CD, Tape, Video etc. 


Price £144.99 + £5.00 P&P SIZE: 482 x 240 x 120mm 
PIEZO ELECTRIC TWEETERS - MOTOROLA 


Join the Piezo revolution! The low dynamic mass {no voice coil) of a Piezo tweeter produces an improved 
transient response with a lower distortion level than ordinary dynamic tweeters. As a crossover is not required 
these units can be added to existing speaker systems of up to 100 watts (more if two are put in series. FREE 
EXPLANATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER. 


. TYPE ‘A’ (KSN1036A) 3” round with protective wire mesh. Ideal for 
-bookshelf and medium sized Hi-Fi apeakers. Price £4.90 - 50p P&P. 
TYPE ‘B’ (KSN1005A) 3'^" super horn for general purpose speakers, 
disco and P.A. systems etc. Price £5.99 - 50p P&P. 

TYPE :C' (KSN1016A) 2"x5" wide dispersion horn for quality Hi-Fi sys- 
tems and quality discos etc. Price £6.99 +: 50p P&P. 

TYPE ‘D’ (KSN1025A) 2'x6' wide dispersion horn. Upper frequency 
response retained extending down to mid-range (2KHz). Suitable for high 
quality Hi-Fi systems and quality discos. Price £9.99 + 50p P&P. 

TYPE ʻE’ (KSN1038A) 35.” horn tweeter with attractive silver finish trim. 
Suitable for Hi-Fi monitor systems etc. Price £5.99 — 50p P&P. 
LEVEL CONTROL Combines, on a recessed mounting plate, level control 
and cabinet input jack socket. 85x85mm. Price £4.10 4 50p P&P. 










NOTE: MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS: 
STANDARD - INPUT SENS 500mV, BAND WIDTH 100KHz. 

PEC (PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SENS 
775mV, BAND WIDTH 50KHz. ORDER STANDARD OR PEC. 









































LOUDSPEAKER LARGE SELECTION OF SPECIALIST LOUDSPEAKERS 
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER 
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH 
FREQUENCY BULLETS AND HORNS, LARGE (A4) S.A.E. 
(60p STAMPED) FOR COMPLETE LIST. 


McKenzie and Fane Loudspeakers are also available. 


EMINENCE:- INSTRUMENTS, P.A., DISCO, ET 


ALL EMINENCE UNITS 8 OHMS IMPEDANCE 

8” 100 WATT R.M.S. ME8-100 GEN. PURPOSE, LEAD GUITAR, EKCELLENT MID, DISCO. 

RES. FREQ. 72Hz, FREQ. RESP. TO 4KH2, SENS 97dB. PRICE £32.71 + £2.00 P&P 
10" 100 WATT R.M.S. ME10-100 GUITAR, VOCAL, KEYBOARD, DISCO, EXCELLENT MID. 

RES. FREQ. 71Hz, FREQ. RESP. TO 7KHz, SENS97dB. PRICE £33.74 ; £2.50 P&P 
10" 200 WATT R.M.S. ME10-200 GUITAR, KEYB'D, DISCO, VOCAL, EXCELLENT HIGH POWER MID. 
RES. FREQ. 65Hz, FREQ. RESP. TO 3.5KHz, SENS 99dB. PRICE £43.47 - €2.50 P&P 
12" 100 WATT R.M.S. ME12-100LE GEN. PURPOSE, LEAD GUITAR, DISCO, STAGE MONITOR. 
RES.FREQ. 49Hz, FREQ. RESP. TO 6KHz, SENS 100dB. PRICE £35.64 + £3.50 P&P 
12” 100 WATT R.M.S. ME12-100LT (TWIN CONE) WIDE RESPONSE, P.A., VOCAL, STAGE 
MONITOR. RES. FREQ 42Hz, FREQ. RESP. TO 10KHz, SENS 98dB. PRICE £36.67 : £3.50 P&P 
12" 200 WATT R.M.S. ME12-200 GEN. PURPOSE, GUITAR, DISCO, VOCAL, EXCELLENT MID. 

RES. FREQ. 58Hz, FREQ. RESP. TO 6KHz, SENS 98dB. PRICE £46.71 + £3.50 P&P 
12" 300 WATT R.M.S ME12-300GP HIGH POWER BASS, LEAD GUITAR, KEYBOARD, DISCO ETC. 
RES. FREQ. 47Hz, FREQ. RESP. TO 5KHz, SENS 103dB. PRICE £70.19 - £3.50 P&P 
15" 200 WATT R.M.S. ME15-200 GEN. PURPOSE BASS, INCLUDING BASS GUITAR. 

RES. FREQ. 46Hz, FREQ. RESP. TO 5KHz, SENS 99dB. PRICE £50.72 + £4.00 P&P 
15" 300 WATT R.M.S. ME15-300 HIGH POWER BASS, INCLUDING BASS GUITAR. 

RES. FREQ. 39Hz, FREQ. RESP. TO 3KHz, SENS 103dB. PRICE £73.34 : £4.00 P&P 


EARBENDERS:- HI-FI, STUDIO, IN-CAR, ETC 


ALL EARBENDER UNITS 8 OHMS (Except EB8-50 & EB10-50 which are dual impedance tapped a 4 & B ohm) 
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED SURROUND 

8" 50watt EB8-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR. 

RES. FREQ. 40Hz, FREQ. RESP. TO 7KHz SENS 97dB. PRICE £8.90 : £2.00 P&P 
10" SOWATT EB10-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR. 

RES. FREQ. 40Hz, FREQ. RESP. TO 5KHz, SENS. 99dB. PRICE £13.65 + £2.50 P&P 
10" 100WATT EB10-100 BASS, HI-FI, STUDIO. 

RES. FREQ. 35Hz, FREQ. RESP. TO 3KHz, SENS 96dB. PRICE £30.39 - £3.50 P&P 
12” 100WATT EB12-100 BASS, STUDIO, HI-FI, EXCELLENT DISCO. 

RES. FREQ. 26Hz, FREQ. RESP. TO 3 KHz, SENS 93dB. PRICE €42.12 - £3.50 P&P 
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND 

5*4" 60WATT EB5-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC. 

RES. FREQ. 63Hz, FREQ. RESP. TO 20KHz, SENS 92dB. PRICE £9.99 + £1.50 P&P 
612” GOWATT EB6-60TC (TWIN CONE} HI-FI, MULTI-ARRAY DISCO ETC. 

RES. FREQ. 38Hz, FREQ. RESP. TO 20KHz, SENS 94dB. PRICE £10.99 : 1.50 P&P 
8" 60WATT EB8-60TC (TWIN CONE) HI-FI, MILTI-ARRAY DISCO ETC. 

RES. FREQ. 40Hz, FREQ. RESP. TO 18KHz, SENS 89dB. PRICE £12.99 + £1.50 P&P 
10" 60WATT EB10-60TC (TWIN CONE) HI-FI, MULTI ARRAY DISCO ETC. 

RES. FREQ. 35Hz, FREQ. RESP. TO 12KHz, SENS 98dB. PRICE £16.49 - €2.00 P&P 


- THREE SUPERB HIGH POWER... Bu CELIA: LES 
IN-CAR STEREO BOOSTER AMP CAR STEREO BOOSTER AMPLIFIERS RANSMITTER HOBBY KITS 
iiiiiiiiiiui T 150 WATTS (75 + 75) Stereo, 150W PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE 
E Bridged Mono PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS 
250 WATTS (125 - 125) Stereo, 250W COMPLETE WITH CIRCUIT AND INSTRUCTIONS 
Bridged Mono 3W TRANSMITTER 80-108MHz, VARICAP CONTROLLED PROFESSIONAL 
400 WATTS (200 - 200) Stereo, 400W Â PERFORMANCE, RANGE UP TO 3 MILES, SIZE 38 x 123mm. SUPPLY 12V 0 0.5AMP. 
Bridged Mono PRICE £14.85 - £1.00 P&P 
E ALL POWERS INTO 4 OHMS FM MICRO TRANSMITTER 100-108MHz, VARICAP TUNED, COMPLETE WITH 
me, Features: VERY SENS FET MIC, RANGE 100: m E EAM SUPPLY 9V BATTERY. 
h + Stereo, bridgable mono * Choice of 
high & low level inputs * L & R level 
aas * Remote on-off * Speaker & 
































































































ibl FLIGHT CASED LOUDSPEAKER 


A new range of quality loudspeakers. designed to take advantage of the latest 
speaker technology and enclosure designs. Both models utilize studio quality 
12" cast aluminium loudspeakers with factory fitted grilles, wide dispersion 
constant directivity horns, extruded aluminium corner protection and steel 
ball corners, complimented with heavy duty black covering. The enclosures 
are fitted as standard with top hats for optional loudspeaker stands. 





























































POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET 
FREQUENCY RESPONSE FULL RANGE 45Hz - 20KHz 


ibl FC 12-100WATTS (100dB) PRICE €159.00 PER PAIR 
ibl FC 12-200WATTS (100dB) PRICE £175.00 PER PAIR 
SPECIALIST CARRIER DEL. £12.50 PER PAIR 


OPTIONAL STANDS PRICE PER PAIR £49.00 
Delivery £6.00 per pair 
































































PHOTO: 3W FM TRANSMITTER 


B.K. ELECTRONICS 


ORDERS FROM SCHOOLS, COLLEGES, GOVT. BODIES, PLCs ETC. UNITS 18 5 COMET WAY, SOUTHEND-ON-SEA, 
PRICES INCLUSIVE OF V.A.T. SALES COUNTER. VISA AND ESSEX. SS2 GTR. 


ACCESS ACCEPTED BY POST, PHONE OR FAX. i Tel.:0702-527572 Fax.:0702-420243 








PRICES: 150W £49.99 250W £99.99 
400W £109.95 P&P £2.00 EACH 


POSTAL CHARGES PER ORDER £1.00 MINIMUM. OFFICIAL (TRI): 
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DEBUGGING 8031/8051 





MICROCONTROLLER SYSTEMS 


Getting a microcontroller system to function properly is no mean task, not even 
for the truly initiated. Such systems typically look dead as a doornail even if the 
slightest malfunction exists. The hardware and software described in this article 
enables recalcitrant 8051/8031 based systems to be scrutinized in great detail 
using only a PC and a simple test adaptor. 


Hardware and software by Dr. M. Ohsmann 


HE measurement adaptor pro- 

posed here will cost you not more 
than a fiver for the hardware. Together 
with the 'Analystor' (for 'analyser/stor- 
age) software distributed via the 
Elektor Electronics Readers Services, 
the adaptor functions as a kind of dig- 
ital oscilloscope or logic analyser, and 
is suitable for many purposes. 

The test system allows many signals 
and their relations to be examined in 
that crucial phase immediately after 
the reset pulse. The concept is also 
useful for testing other clock con- 
trolled systems. Bus contention and 
other problems can be analysed with 
the aid of timing diagrams written by 
the test program in the form of files. 
These files are useful for study, refer- 
ence and analysis. 

In nearly all cases, a microcontroller 
system comprises a CPU (central pro- 
cessing unit) and a program memory 
in the form of EPROM. If, for instance, 
the 80C32/8051 single-board com- 
puter described in Ref. 1 is built and 
fitted with an EMON51] EPROM 
(Ref. 2), it is safe to assume that the 
hardware design and the software are 
all right. However, if nothing works 
when the system is switched on, many 
users find themselves hopelessly lost 
for assistance. An even more complex 
situation arises if you do not know if 
the program in EPROM is correct, or if 
the hardware is an experimental de- 
sign which is being powered up for the 
first time. Very few designs work first 
time! 

Many of you will be able to avow 
that the strangest things happen with- 
out any apparent logic, as long as 
there is a single connection error or 
bus short-circuit anywhere in a micro- 
controller system. In such cases, one 
is often desperate for reassurance that 
the processor properly executes the 
first few instructions after a reset. 
That, unfortunately, is not as simple 


as it looks. The reset pulse is often 
pretty long, (several hundred millisec- 
onds), and is a bit difficult to time ac- 
curately when generated by an RC 
network. Once the processor starts, 
things appear to happen at lightning 
speed: an 8051 running at a 12-MHz 
clock, for instance, executes at least 
five instructions in the first 10 us after 
the reset. To be able to examine what 
is going on at such high speeds re- 
quires either very expensive test equip- 
ment, or a bright idea. The main 
problem is, obviously, the speed. So, 
why not reduce the clock speed, and 





make a ‘slow motion’ recording of what 
is going on in the system? The PC can 
be exploited for this purpose, i.e, it can 
be used to generate the slow clock as 
well as the reset signal for the micro- 
controller system under test. After the 
reset, the processor is clocked so 
slowly that it becomes possible for the 
PC to read and display a set of essen- 
tial signals. In fact, the software sup- 
plied for this project displays up to 
17 signals on the computer screen, al- 
lowing you to monitor, for instance, all 
databus or address bus activity. The 
timing diagram is triggered appropri- 
ately by the PC itself, so that all mem- 
ory read/write operations become 
visible. In short, the PC stretches the 
time scale during which otherwise al- 
most elusive signals occur. 

Using a very slow clock requires the 
processor to have a so-called static 
structure. Actually, the inspiration to 
develop the present debugging system 
came from the news that a static ver- 
sion of the 8051, the AT89C51 from 
Atmel, is now available. Apart from 
being capable of fully static operation 
(i.e., clock speed actually down to 
O Hz) this new processor, another de- 
rivative of the ‘generic’ 8051, also 
boasts four EEPROM memories. 
Actually, the above concept functions 
properly only with the AT89C51, be- 
cause a normal 8051 has a minimum 
clock frequency of about 3.5 MHz. In 
practice, however, a large number of 
processors do allow quasi-static opera- 
tion, although that is not specified by 
the manufacturer. Among the MCS-51 
derivates successfully used in this re- 
spect are: 


Atmel AT89C51 (fully static) 
AMD P80C31BH 

MHS P-80C32 

Signetics SC87C51CCN40 
Philips 80C51BH-3 

Siemens 80C535 
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Obviously, the concept proposed here 
can be transferred to other processor 
types, or, indeed, any other logic sys- 
tem capable of static operation, of 
which the behaviour during the first 
few hundred microseconds after the 
reset pulse is to be examined for the 
purpose of fault-finding. Interestingly, 
the software for the test adaptor is 
written in Turbo-Pascal 5.0, and the 
relevant source files are supplied on 
disk along with the executable pro- 
gram. Modifications to meet individual 
requirements are, therefore, relatively 
simple to make. 


The measurement adaptor 


The measurement adaptor, whose cir- 
cuit diagram is given in Fig. 1, is con- 
nected to the PC via the RS232 
interface. As already mentioned, the 
PC generates the reset and clock sig- 
nals for the system under examina- 
tion. This is achieved by using the RTS 
and DTS handshake lines available on 
the PC's RS232 port. Two more hand- 
shake lines, DSR and CTS, are used to 
read signals from the system into the 
PC. The conversion to TTL level is ac- 
complished by the cheap and generally 
available MAX232 integrated circuit. 
Next comes a 74HCT541 which func- 
tions as a buffer and LED driver. All 
four signals are visualized by LEDs. 
The adaptor is best connected to the 
system under test via a set of small 
clip-on probes, as shown in the intro- 
ductory photograph. In a number of 
cases, the adaptor may be connected 
in parallel to the relevant lines in the 
system under test. That can be done 
by virtue of the high current capacity 
of the HCT541. In effect, the 541's sig- 
nals will simply override the clock and 
RST signals in the system. 

The 5-V supply voltage for the test 
adaptor should be taken from the sys- 
tem under test, and connected perma- 
nently before the latter is powered up. 
Separate supplies must not be used 
because the order in which the circuits 
are switched on then becomes an ím- 
portant factor to the microcontroller. 


Connecting up to the 
80C32 SBC 


To illustrate the practical use of the 
test adaptor, we use the popular 
'80C32 single-board computer' (SBC) 
described in Ref. 2 as an example. 
Interspersed with the descriptions 
below are hints on how to use the test 
adaptor with other microcontroller 
systems. 


RESET connection 

Many microcontroller systems have a 
reset' push-button, which pulls the 
processor's reset input, or a control 
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Fig. 1. This simple test adaptor, plus a clever program running on a PC, allows every step, 
however fast and misguided, of an 8051-type microcontroller to be traced. 


input of a watchdog circuit, high or 
low. The test adaptor is connected di- 
rectly to the reset input of the relevant 
system. The software allows the user 
to determine the length of the reset 
pulse, and select between an active- 
high or active-low reset pulse level. 
The 'case' for the 80C32 SBC looks 
as sketched in Fig. 2. The adaptor 
controls the reset input by charging 


RESET 


measurement 
adapter 


CLOCK 
TRIGGER 
INPUT 


address- 
latch 


P2.0...P2.7 


TAHCT573 
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Fig. 2. Connecting the analyser to the test 
adaptor. 


and discharging a capacitor. The (sim- 
ple) logic analyser incorporated in the 
software which runs on the PC has ad- 
justable safety margins as regards the 
length of the reset pulse. This is done 
to make sure that the processor is out 
of its reset state when it is clocked and 
monitored. During reset, the software 
generates the clock pulses needed by 
the 8051/80C32. 


CLOCK signal 

The clock signal supplied by the adap- 
tor is used to clock the processor in 
the system under test, see Fig. 2 
again. In most cases, an externally 
connected quartz crystal is used to 
supply the system clock in conjunction 
with the on-chip. oscillator. The 
CLOCK output of the adaptor is simply 
connected to one of the quartz connec- 
tions. With the 40-pin DIL package 
8051, pin 19 is recommended. 
Different pin numbers may be have to 
be used with other (N or C-MOS) 
processors. Use the data sheets to 
make sure of the connection. 


TRIGGER input 

If an 8051-based system is under test, 
this input should be connected to the 
PSEN line of the processor. The logic 
analyser software uses the trigger sig- 
nal to start the actual measurement 
and analysis. The software allows you 
to select between a high or low trigger 
level. With the 8051, 'trigger-polarity 
low' is selected because any program 
memory access is flagged by PSEN 
going low. With other controller sys- 
tems, a connection to the read or write 
line may be useful. 
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Fig. 3. This is how an 8051 should read from 
an EPROM. 


INPUT connection 

INPUT is the test probe proper of the 
analyser. It is used to connect to vari- 
ous signals in the system, one at a 
time, for analysis on the PC. For in- 
stance, all data bus or address bus 
lines can be picked one by one. Thanks 
to the advanced storage and display 
options of the analyser software, these 
signals (17, plus CLOCK) may be 
watched simultaneously on the PC 
monitor. That enables you to see ex- 
actly which data is present on the bus 
at a specific time. Switch S1 is used to 
set the non-actuated level of INPUT, 
for instance, if it is connected to a bus 
line which can go into high-Z state. In 
position 'high', the analyser sees a 
logic high level. In position AUTO. it 
sees the CLOCK signal. In this way, 
the analyser software is capable of es- 
tablishing that a line is in high-Z state. 


Mini logic analyser 
software 


The simpler the hardware, the more 
powerful the associated software. The 
test adaptor is linked to the PC via a 
standard RS232 cable with pin-to-pin 
connections. The test probes are not 
connected yet, because the software 
has to be started first. The analyser 
software on being run starts by loading 
a configuration file (if found), which 
contains the selected operating para- 
meters. Next, the analysis is started. 
Since the test probes are not con- 
nected yet, the software reports a trig- 
ger error. Now press some keys to see 
the main functions of the test system. 
Type ? to get a list of the available 
commands and functions, and also to 
go into adaptor test mode, which 
should be run before hooking up the 
probes to the microcontroller system. 
On returning to normal mode, you are 
ready to commence the measurement 
proper. 


The measurement cycle 


The measurement cycle starts by actu- 
ating the RESET line. In our example, 
the reset line must be active low. Next, 
the PC waits a period of which the 
length (in ms) is set by the RESET-ON 
parameter. The delay serves to await 
the charging or discharging of a capac- 
itor which is nearly always present on 
the reset line in the system under test. 
Next, the PC generates clock pulses, 
because most microcontrollers, in- 
cluding the 8051, require a clock sig- 
nal to complete the reset cycle. The 
number of clock cycles produced by 
the PC is defined by the value of the 
RESET-CYCLES parameter. You can 
also define whether a clock cycle 
means 'ow-to-high or ‘high-to-low. 
Next, the measurement proper starts 


PORT:COM1 j§WINDOW:0 CURS:73 PRE-TRG: 10 


with the so-called PRE-TRIGGER 
phase. Clock cycles are then generated 
by the PC. After changing the level on 
the CLOCK line, the PC waits a short 
while before measuring the levels of 
the TRIGGER and INPUT lines. The 
relevant values are written into the 
PC's memory. The RESET line is held 
low (actuated) for a period whose 
length corresponds to the value as- 
signed to the RESET-CYCLES parame- 
ter. The pre-trigger phase ends when 
the TRIGGER level drops low. From 
then on, the processor is running. 

The signals measured from then on 
are captured, stored in the PC's mem- 
ory, and displayed later. If the trigger 
signal fails to toggle after a certain 
time, (TRIGGER-TIMEOUT), the PC 
ends the pre-trigger phase of its own. 

After triggering, the RUN phase 
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Fig. 4. Screendump produced by the Analysator software. The object is a 80C31 processor 


starting the EMON51 monitor. 
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starts. The PC continues to supply 
clock pulses. The number of these 
pulses is defined by the STORAGE 
DEPTH parameter — the maximum 
value is 3,000. The levels measured by 
the TRIGGER and INPUT probes are 
captured and stored into the PC's 
memory. 

Next, the display phase is started. 
The chronograms for CLOCK, TRIG- 
GER and INPUT are displayed on the 
top three lines of the screen. The lines 
below show memorized signals labelled 
O through 7, and A through H. To copy 
the current INPUT signal to, say. mem- 
ory ‘6', simply press the corresponding 
number on the PC. To be able to view 
all eight datalines at the same time, 
start by sampling databus line DBO, 
until a stable signal is obtained on the 
PC screen. Next, copy the signal to 


WINDOW:0 CURS:73 PRE-TRG: 10 


PORT: COM1 


40 


DEBUGGING 8031/8051 MICROCONTROLLER SYSTEMS 25 


memory 'O'. Do the same for the other 
databus lines, copying their timing di- 
agrams to the respective memories. 

A cursor function is available to get 
a better view of the state of a number 
of signals at a specific time. The cur- 
rent level of the lines is marked by a '1 
or a ‘O' at the cursor location. The 
upper line on the PC screen shows the 
state of the eight signals O through 7 
or A through H in hexadecimal nota- 
tion, allowing single addresses and 
data to be traced in a comfortable way. 
The entire screen can be scrolled hori- 
zontally to enable the results of longer 
test periods to be examined also. 


High-Z recognition 

Bus lines in microcontroller systems 
can be switched high, low or to a high- 
impedance (high-Z) state. To be able to 
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Fig. 5. The same as Fig. 4, but this time with two (purposely made) hardware errors on the 


board. 
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detect the latter state reliably, a 
slightly better measurement method is 
actually required than offered by the 
present test adaptor. Fortunately, 
there is a trick to overcome the adap- 
tors limitation in this respect. 
Assuming that there are no propaga- 
tion delays, a logic signal in a micro- 
controller system can only change on a 
clock transition, while it remains 
steady during a clock cycle. With SI 
set to AUTO-Z, and INPUT connected 
to a bus line in high-Z mode. the level 
at INPUT changes in the middle of the 
clock cycle. Provided AUTO-Z is se- 
lected, the analyser software is capable 
of detecting this, and putting a z at the 
appropriate location on the PC screen. 
In this way, open-circuited IC inputs 
are also detected. It should be noted, 
however, that the high-Z detector 
functions only if the 'cycle has been 
defined properly (low-high or high- 
low). Because of their relatively high- 
value pull-up resistors, port lines of 
the 8051 which produce a 1 (high 
level) are also marked as 'high-Z. 


Example analysis 


An example analysis will be carried out 
on a properly working 80C32 SBC fit- 
ted with an AMD 80C31 controller and 
an EMON5I system monitor. The first 
instructions executed by the processor 
are 


0000 
0203 


020203LJMP 203H 
75D000MOV PSW, #0 


The timing diagram in Fig. 3 shows 
how an 8051 gets access to the con- 
tents of an EPROM. Provided no read 
or write operation is perlormed in the 
external data memory, two program 
memory access operations occur in 
every machine cycle. Each machine 
cycle has a length of 12 clock oscillator 
clock cycles. An MCS-51 instruction 
takes either one or two machine cycles 
(except the MUL and DIV instructions). 
So, a memory access operation takes 
six oscillator periods. During the first 
period, the databus is in high-Z mode, 
while ALE and PSEN are logic high. 
During the next two periods, the lower- 
order address byte is switched to the 
multiplexed data/address bus. When 
ALE has dropped low, the value is 
stored in the address latch during pe- 
riods 3 through 6. During periods 4, 5 
and 6, PSEN drops low also, which 
marks that the EPROM has actually 
copied its data on to the databus. 

Let us continue to trace the individ- 
ual instructions with the aid of the 
screendump shown in Fig. 4. To assist 
in understanding what the multitude 
of data is all about, the lines LA (lower 
address), TD (iransferred data), MC 
(nachine cycle) and ADR (address) 





COMPUTERS AND MICROPROCESSORS 
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Fig. 6. Track layout and component mounting plan of the printed circuit board designed for 
the test adaptor (board available ready-made through the Readers Services). 


were added manually. The first line, C, 
shows the clock signal of the 80C31. 
Then comes the PSEN signal on the T 
(trigger) line. The INPUT line, I, shows 
the ALE signal. Memory lines 0 
through 7 contain the levels captured 
on the multiplexed address/data bus. 
Signals A through H show the eight 
low-order address lines of the EPROM. 
The first access to the EPROM for the 
first instruction starts on the third 
clock period. This instruction, LJMP 
(opcode: 02), is read from address 
0000 in the EPROM. During the next 
EPROM access operation, the 80C31 
fetches the first (high-order) byte of the 
jump address from address 0001 in 
the EPROM. Next, the second machine 
cycle of the LJMP instruction starts. 
During the first EPROM access opera- 
tion of this cycle, the low-order byte of 
the jump address (value: 03H) is 
fetched from EPROM address 0002. 
The second access is a dummy opera- 
tion, again fetching the code 03H from 
address 0002. These dummy opera- 
tions are typical of the 8051 family of 
microcontrollers, and tend to compli- 
cate the reading operations for the de- 
sired signals. 

During the next machine cycle, the 
instruction MOV PSW,£0 is executed. 
The next two EPROM access opera- 
tions transfer the bytes 75H and DOH 
correctly. The complete address can 
not be determined on the basis of the 
displayed signals, because the high- 
order address byte is not captured. If 
desired, that may be done in a second 


pass, which is not difficult. Before that 
is done, however, it is recommended to 
run a thorough check on all address 
lines during the first EPROM access 
operation. As you can see, the system 
allows each step of the microcontroller 
to be traced with great accuracy. 


Finding the error 


Let us deliberately create a fault on the 
80C32 SBC, and see what happens if 
we hook up this board to the present 
test system. Looking at multiplexed 
address/data bus as part of the analy- 
sis shown in Fig. 5, it is seen that ADO 
remains low all the time, and AD6, 
high. Apparently, these lines never go 
into high-Z state. And that, you 
guessed it, pinpoints the errors on the 
board: address line ADO is short-cir- 
cuited to ground, and AD6 to +5 V. 
Incidentally, the high-order addresses 
(port P2 of the 80C31) must always be 
at OOH. 

Now let us see what the processor is 
actually doing during the first few cy- 
cles. The first ALE-low condition 
causes a value 40H to be written into 
address latch. Although the 80C31 has 
produced the value OO, the perma- 
nently high level of ADG causes a 
wrong address to be copied to the ad- 
dress latch. Although the EMONSI 
EPROM contains the value 'FFH' at ad- 
dress 40H, the processor actually 
reads back 'FEH' because ADO is per- 
manently low. The opcode OFEH hap- 
pens to mean: MOV R6,A, is one 


COMPONENTS LIST 
Resistors: ^ 4. E 
R1:R3;R5;R6 = 470Q 
R2:R4 = TKQ 


Capacitors: 
C1;C7 = 100nF 
"C2-C6 = 10yF 16V radial 


‘Semiconductors; — 1. 
D1-D4=LED,3mm | — 
IC2=MAX232 |... 


Miscellaneous — 


-PCB and software on disk: order c 
940117-C (see page 70). = . 
Software on disk also available sepa- 
rately, order code 946203-1 (see page | 
78). 





machine cycle long, and occupies one 
byte. Consequently, the second 
EPROM access operation in the first 
machine cycle is nothing but a 
dummy. Next comes the second ma- 
chine cycle, which yields the second 
instruction. At this stage the instruc- 
tion counter in the 80C31 reads '1.. 
However, since ADO is at O all the time, 
the address latch is again loaded with 
the value '40H'. Subsequently, another 
opcode 'OFEH is fetched. The dummy 
memory access operation with this in- 
struction, by the way, is to address 
42H this time, as a result of the 
changed state of the instruction 
counter. This address in the EPROM 
again contains 'FFH', which is read as 
FEH' by the processor. Another 
‘MOV R6,A' instruction is executed 
without making any sense. This con- 
tinues endlessly until the hardware 
fault is removed and the system is 
reset. 

As shown above, apparently simple 
hardware errors may cause rare and 
very hard to understand signals. That 
is why there is a golden rule in micro- 
controler debugging: if you find a 
hardware error, eliminate it. Do not try 
to understand what it does to the soft- 
ware; pursuing that cause is often triv- 
ial and a waste of time. 

Finally, those of you who are strug- 
gling with a faulty 80C32 single-board 
computer running the EMON51 moni- 
tor may use the screendump in Fig. 4 
as a reference to see how the system 
should start up after a reset. 
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Other applications 


Debugging an 8051-based microcon- 
troller system often involves testing 
RAM and port access operations also. 
Here, it pays to use an EPROM emula- 
tor into which a short test program is 
blown. To test port P1, for instance, 
the following little program is used: 


INC P1 
SJMP start 


start 


Similarly, check write operations to, 
say, address 2345H with the aid of the 
following program: 


start MOV DPTR, #2345H 
MOV A, #0A5H 
MOVX @DPTR,A 
SJMP start 


In some cases, it is desirable to view 


more cycles at the same time. 
Fortunately, that is catered for by the 
program. 


The operation of the 80C535 sin- 
gle-board computer (Ref. 3) can be 
analysed without problems using the 
present system if you set the ‘cycle’ de- 
finition parameter to LOW-HIGH, and 
inject CLOCK at pin 39 of the CPU. 
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The use of the 'Analystor' program and 
the associated measurement adaptor 


is not limited to microcontroller 
boards. In fact, the tester may be used 
with almost any logic circuit which can 
be made to work from an externally 
applied clock. In the worst case, a PCB 
track or two may have to cut to enable 
the clock signal to be injected. Circuits 
that can be analysed and debugged in 
this way. include those containing 
counters, PALs or GALs. 

It will be clear that the present de- 
bugging system is simple, and will not 
enable you to find any error ‘spot-on’. 
With a little dexterity, however, most, 
if not all, malfunctions can be recog- 
nized. A broken PCB track, for in- 
stance, May cause one and the same 
signal to look different at two different 
points in the circuit. So, check if two 
(supposedly) equal signals are actually 
equal. Short-circuits between data bus 
lines may also be quite elusive and 
pose baffling problems. 


Construction 


The test adaptor is best built on the 
printed-circuit board shown in Fig. 6. 
This board and the associated 


Analysator software is available ready- 
made through our Readers Services. 
The board is fitted in a small plastic 
box. The ‘external’ elements are the 9- 
way sub-D socket, switch S,, wires for 
the 5-V supply from the system under 
test, the four probe wires and the asso- 
ciated LEDs. (940117) 
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1. 80C32.8051AH-BASIC Single-board 
computer, Elektor Electronics May 
1991. | 

2. Short course 8051/8032 microcon- 
trollers and assembler,  Elektor 
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905705 38 6. 

3. 80C535 Single-board computer, 
Elektor Electronics February 1994. 


More on the same subject: 
Debugging the 8031 series, Elektor 
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SELF-LOADING EEPROM TYPE 


X88C64 


Xicor's X88C64 SLIC™ (self-loading integrated code) IC is an 
8Kx8 EEPROM with an internal address decoder and a 
multiplexed data/address bus. The memory consists of two 
independent arrays with a size of 4Kx8. Another special 
feature of the SLIC™ is that it has a non-volatile code 
downloader which makes program development a lot easier for 
the popular 80xx and 68xx microprocessors. 


























By our editorial and design staff. Source: Xicor Inc. 


OMPLEX and expensive develop- 

ment tools never seem to have 
boosted the popularity of any micro- 
controller. In general, the easier-going 
the software development and debug- 
ging tools, the wider the acceptance of 
a particular device. Arguably, an 
EPROM emulator is the cheapest de- 
velopment tool which can be used al- 
most universally. One side of the 
emulator is connected directly to the 
socket for the EPROM which contains 
the system software. The other side is 
connected to a PC which is used to 
(cross-) assemble, debug, and down- 
load machine code to the emulator, 
using, for instance, the Jedec, IntelHex 


or Motorola file formats. 

Although an EPROM emulator is a 
cost-effective and fairly easy to handle 
software development tool, there are 
easier solutions. Xicor, with the intro- 
duction of its X88C64 SLIC EEPROM, 
shows the way. 

Essentially, a microprocessor sys- 
tem in which SLIC routines are used 
can be programmed via the regular se- 
rial interface. The SLIC contains a 
compact library of routines which are, 
in principle, started automatically 
after a reset. The only requirement as 
regards the machine code is that a 3- 
byte code block (header) is transmit- 
ted before the data. Software is 


available for MS-DOS PCs to make 
IntelHex files compatible with the SLIC 


protocol. 
Both 4-K memory arrays inside the 
X88C64 contain SLIC routines. 


Version Beta 2.1 has 256 instructions 
in the upper part of the memory bank 
(1FOOH - 1FFFH), and 240 bytes in the 
lower bank’s address range, just above 
the interrupt vectors (0030H - O11FH). 
The address division is shown in 
Fig. 1. The user’s application code 
should avoid these areas as part of its 
code segment, otherwise it will over- 
write the SLIC. All user programs may 
use the memory segment between 
0120H and 1FOOH. 

The SLIC programming routines 
form part of the software, and may be 
found in both memory arrays. During 
programming, the EEPROM array 
which is not in use is not accessible for 
about 5 ms. Consequently, software 
from the other array has to be used 
during that period. The X88C64 comes 
with the reset vector at address OOOOH 
pointing at OO30H, so that the proces- 
sor jumps to the start of the SLIC seg- 
ment after a reset. To enable your own 
program to be launched at power-on, 
this reset vector has to be overwritten. 

To be able to use the SLIC routines 
again after overwriting the reset vec- 
tor, the user program has to provide 
for a jump to these routines. 
Alternatively, some code may be added 
to the user program to enable the SLIC 
routines to be started via, for instance, 
INTO or INT1. If you forget to include 
such a routine, the SLIC is gone for- 
ever (well, almost) after programming, 
so take care! Do not download ‘any’ 
program to make your first acquain- 
tance with the X88C64. Familiarize 
yourself with this new device in a step- 
by-step manner, making sure at all 
times that the SLIC routines are not 
overwritten. 

Re-entering the SLIC segments into 
the EEPROM banks of the X88C64 re- 
quires a dedicated programmer which 
is capable of supplying special codes, 
and using the multiplexed data/ad- 
dress bus. Copies of the SLIC routines 
are supplied on disk with the EEP- 
ROM. 


Conditions 


The data sent to the SLIC software 
must meet a number of conditions. To 
begin with, a 3-byte header must be 
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transmitted. The headers should con- 
sist of: 


- command type identifier; 
- total number of bytes in data block; 
- starting memory address (LSB first). 


The subseguent data must lie in the 
same memory block (page) of 32 bytes. 
The databytes are read by the soft- 
ware, and stored into the internal 
RAM. Nezt, all interrupts, including 
those of the UART, are blocked. Then, 
the data is copied to the EEPROM. 
Programming the entire block takes 
just as long as programming a single 
byte. During programming, all data 
transmitted to the UART are lost. 
Hence, new data may not be transmit- 
ted until the SLIC software reports 
thatit has finished programming. This 
is indicated by returning a 'D' (for 
‘done’). 

The protocol is fairly complex be- 
cause the EEPROM can not be read if 
data is being written into the same 
block. If data is being written into the 
lower block (OOOOH), the processor 
must fetch its instructions from the 
other block (upper part of the mem- 
ory). Since the vectors, like the in- 
structions, are stored in EEPROM, it is 
not possible to read them during pro- 
gramming (notably the UART vectors). 
That also explains why the serial link 
is ‘temporarily out of order’ during pro- 
gramming. 

The SLIC software remains intact 
after you have changed the interrupt 
vector. The first thing it does on being 
actuated is reprogram the UART inter- 
rupt vector. This re-programming op- 
eration is performed after each reset, 
power-up, or call to the SLIC program. 
There is one limitation, though: ac- 
cording to Xicor, the maximum num- 
ber of erase/write operations on an 
EEPROM memory location is 10,000. 


The complete system 


The SLIC program written by Xicor has 
a size of about 500 bytes, and consists 
of two parts. The part in the lower half 
of the EEPROM is capable of program- 
ming the upper half, and vice versa. 
EEPROMs with the code 'SLIC' printed 
on them have these programs. Empty 
EEPROMs are also available from 
Xicor. 

You are ready to start programming 
as soon as the EEPROM is fitted into 
the system. Set your PC or terminal for 
9600 baud, 8 databits, no parity and 
1 stopbit. Commands are issued by 
transmitting an ASCII character to the 
SLIC. These characters may be termi- 
nated with a carriage return (CR), al- 
though that is not strictly necessary. 
The SLIC responds as described below. 
Usually, it does not generate a CR; and 
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SELF-LOADING EEPROM TYPE X88C64 


1F00 p unb 


User's program 


0120 u rua 


0030 p nus L 


ISR and reset- 
vectors 


0000 nu rab 
940116 - 11 





Fig. 1. EEPROM memory division. 


never a line feed (LF). The SLIC routine 
is started after a hardware reset. First, 
a ‘D’ is returned to the PC. If you do 
not see this character, there is some- 
thing wrong in the system. 

After the reset (hardware or soft- 
ware), the following command must al- 
ways be sent: 


:03000000020030CB 





Command: X 

Response: X88C64:$2.1 (CR) 

The SLIC responds to this command 
by returning its version number (here: 
Beta 2.1) after a colon. Next, one of the 
following commands may be sent: 


Command: Mxxxdata 

Response: D 

Program (Modify) the contents of the 
EEPROM. The capital M must be fol- 
lowed by a byte (represented by the 
first *x’) which indicates the number of 
bytes to be programmed. The second 
'X' represents the LSB (least-significant 
byte) of the programming address. The 
third ‘x’ is the MSB (most-significant 
byte) of the address. Next come the 
data. Any number between 0 and 255 
is transmitted as a byte. There is no 
error detection or correction. 

The following points should be ob- 
served when programming. The num- 
ber of bytes may be between 1 and 32. 
If you program a single byte, any ad- 
dress may be given. If you program 
more bytes, the SLIC routine will first 
receive them and then store them in a 
buffer. Once all bytes are received, the 
EEPROM is programmed in ‘page’ 
mode. In this time-saving mode, up to 
32 bytes are sent to the EEPROM, and 
programmed in one go within 5 ms. 
This system works properly if the data- 





:100030007581601200F07D23E4FEF52178407602A0 
:1000400008761F0876BC7803D219121F00E4F52148 
:10005000F522D2AF7444121FEC1200CEC21BC2199B 
:10006000C218D2AC121F53121F6C3018F1C2AC125E 
:100070001FF4D2AC101B047444017D7446121FECB3 
:10008000015E3019031200BB8E838D8274402521DE 
:10009000F9052153211F301904E7F001A0121F397F 
:21000A000D80201B0E582A3658230E5E01582000048 
:1000B000301907EO0F8E06820E6F92290155574AA97 
:1000C000F0901AAA7455F090155574A0F022900083 
:1000D000E2121F53B458FAE4936006A3121FECO116 
:1000E000D7225838384336343AE120322E310D00C9 
:1000F00075A810759850D21A758920758DFA4387A6 
:1001000080758840222863293932205869636F72CC 
:050110002C496E632E76 
:101F0000301903121F408E838D8274402521F930D1 
:101F10001904E7F0E119121F39052153211FD802D6 
:101F2000E12EbEE582A3658230E5E0158200003019DC 
:101F300007EO0F8bE06820E6F922E0676002D21B22A1 
:101F400090055574AAF0900AAA7455F0900555743E 
:101F5000A0F022E521B52202E1532440F8E676AA5A 
:101F6000C0A8C2ACO52153211FD0A822B44D20D255 
:101F700019121F53F524121F53FD121F53FEC3E500 
:101F800022952150022420B5240040F2D21822B418 
:101F90004B12121F53F8121F40121FAFE89000009F 
:101FA000F0021F31B45203020030B456E1E17190E7 
:101FB000055574AAF0900AAA74COF022CODOCOEOFF 
:101FCO0075D00810980C309904D21AC299DOEODO7C 
:101FD000D032E5222440F8E5220454] FB52102E165 
:101FE000C6E599F6052253221F021FC6101A02E108 
:101FFOOO0ECF59922A824EE30E403020082021FO00CF 
:00000001FF 
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Fig. 2. Example of an IntelHex file. This is actually the code contained in the SLIC. 


30 COMPONENTS 


WRITE AA 
TO X555 


WRITE 55 
TO XAAA 


WRITE AO 
TO X555 


X = Ag: 


A12 = 1 IF DATA TO BE 


WRITTEN IS WITHIN 
ADDRESS 1000 TO 1FFF. 


PERFORM BYTE 
OR PAGE WRITE 
OPERATIONS 


A122 0 IF DATA TO BE 


WRITTEN IS WITHIN 
ADDRESS 0000 TO OFFF. 


WAIT t wc 


EXIT ROUTINE 
940116 - 15 


WRITE AA 
TO X555 
WRITE CO 
TO XAAA 


WRITE 55 


La WRITE BPR 


MASK VALUE TO 
ANY ADDRESS 


WRITE AO 
TO X555 


WAIT T WC 


latch inside the : 
EEPROM. The WRITE AA 
A TO X555 


(BPR REGISTER SET) 


EXIT ROUTINE 


X=Ap: 


X88C64 A12 = 1 IF PROGRAM BEING EXECUTED 


RESIDES WITHIN ADDRESS 0000 TO OFFF. 


A12 = 0 IF PROGRAM BEING EXECUTED 


RESIDES WITHIN ADDRESS 1000 TO 1FFF. 
940116 - 16 


940116 - 17 
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m COMPONENTS 


REM SIMPLE TEST FOR SLIC 

CLOSE #1 

CLS 

OPEN "COM1:9600,N,8,1" FOR RANDOM AS #1 
PRINT "PLEASE PUSH RESET BUTTON" 

PRINT INPUTS(1, #1); " RECEIVED" 

PRINT "SLIC IS ALIVE, NOW ASKING FOR ID" 
PRINT #1, "x" 

PRINT "WAITING FOR RESPONSE..." 

TDS = Wwe 

WHILE RESS <> CHR$(&HD): REM UNTIL <CR> 
RES$ = INPUTS(1, #1) 

LDS = ID$ + RESS 

PRINT ASC(RES$); 

WEND 

PRINT : PRINT "THE ID IS n: ID$ 


PRINT 
PRINT "NOW WE DO SOME PROGRAMMING" 

REM IF YOU CHANGE NEXT LINE REMEMBER LSB OF ADDRESS FIRST!! 
PRINT #1, "M"; CHR$(3); CHR$(&H30); CHR$(5); CHR$(&H12); 
CHR$(34); CHR$(56) 

PRINT "WAITING FOR RESPONSE" 

RES$ = INPUTS(1, #1) 

PRINT "RECEIVED IS "; 

PRINT RES$; "("; ASC(RES$); ")" 


PRINT 
PRINT "VERIFICATION OF PROGRAMMED BYTES" 

PRINT #1, "V"; CHR$(3); CHR$(48); CHRS$(&H5); CHR$(18); 
CHR$(&H22); CHR$(56) 

PRINT "WAITING FOR RESPONSE" 

RES$ = INPUT$(1, #1) 

IF RES$ = "F" THEN PRINT "F RECEIVED, VERIFICATION FAILED" 
IF RES$ - "D" THEN PRINT "D RECEIVED, VERIFICATION O.K." 


C 1 
SE 940116 - 13 


Fig. 3. A BASIC program which enables the PC to communicate with the SLIC software in an 
8031-based microcontroller system. 


bytes are intended for addresses which remain at the same level. So, take care 
fall into one page. This is the case as while programming more than one 
long as address lines AS through A12 byte that only address lines AO-A4 are 








allowed to change. 

On completion of the programming 
cycle, the SLIC software returns a ‘D’ 
(done). Note that this message only 
means that the programming opera- 
tion has been completed. It should not 
be taken to mean that the data has 
been programmed correctly. 


Command: Vxxxdata 

Response: D or F 

This command verifies the contents of 
the EEPROM against the serial data- 
bytes. It is largely similar to the ‘pro- 
gram’ command. Here, too, received 
bytes are placed into a buffer, and 
must fall within the same page. The 
SLIC responds with ‘D’ (done) or ‘F 
(fault). 


Command: R 

Response: D 

Reset command. The X88C64 runs its 
internal power-up routine and on com- 
pletion returns a 'D to the PC. Next, it 
waits exclusively for ‘X’. No response 
will be given to another reset, a pro- 
gramming or verify command. 


Command: Kdata 

Response: none 

This command serves to modify the 
contents of the BPR register. ‘Data’ in- 
dicates the byte written into the BPR 
register. This determines which blocks 
are accessible for programming. Each 
bit determines the ‘programming al- 
lowed/disallowed’ status of a 1-K 
block (0 = programming allowed; bit 0 
is the block with the lowest address). 


Fortunately, Xicor supplies a PC pro- 
gram with its SLIC EEPROMs to take 
the hassle out of the communication 
protocols described above. The current 
version (3.34) allows the user to select 
the COM port used on the PC. Updated 
versions of the control software may be 
downloaded from  Xicors bulletin 
board in the U.S.A. The number is (+1) 
408-9430655. 

The software on being started tells 
you straight away if communication 
with the SLIC is possible. If not, go to 
the setup menu, and select the right 
communications port. The program re- 
quires input data in IntelHex format, 


which will be available in most cases 


because it is accepted by most EPROM 
programmers, The structure is fairly 
simple: a line starts with a colon. Then 
follow a number of bytes, the address, 
a code, the databytes, and, finally, a 
checksum. Figure 2 shows a part of 
such a file. 

Since a couple of devices in the 
8051 family of microcontrollers have 
vectors above 0030H, the control pro- 
gram is capable of moving the SLIC 
segment to address 0080H. Those of 
you who wish to experiment may find 
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Fig. 4. Circuit diagram of a small 80C31 controller system which incorporates an X88C64 
SLIC EEPROM for time-efficient program development. 


the BASIC program listed in Fig. 3 of 
interest. 


The rules of the game 


Recapping, observe the following rules 
when using the SLIC routines: 


(1) Supply an IntelHex file. 

(2)Do not allow data to cross page 
boundaries. 

(3) Ensure that memory areas 0030H- 
OIIFH and 1FOOH-1FFFH are not 
overwritten, because they contain 
the SLIC. 

(4)The UART vector (0023H in the 
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8031) should be re-programmed in 
the last line of the IntelHex file. 

(5) Place a jump to the start of the 
SLIC code (JUMP 0030H) at the INTO 
vector address (0003H), and do not 
forget to enable the INTO interrupt 
(bit register EX0=1), and to enable 
all interrupts (bit register EAz 1). 


All of this may look pretty complex at 
first. However, after a while you will 
become conversant with the program- 
ming techniques. Those of you who 
like (Visual) BASIC or Pascal program- 
ming may write a small program which 
keeps an eye on the above rules, and 


supplies alerts where necessary. The 
documentation contained in the SLIC 
design package also points out that a 
larger part of the 500 bytes of SLIC 
program may be incorporated in the 
user program (for instance, the UART 
routine). In this way, the SLIC need 
not be ‘ballast’ only. 

The SLIC design pack supplied by 
Xicor contains the  X88C64, a 
datasheet, application notes and a 
diskette containing the above men- 
tioned control program and the source 
code of the software in the EEPROM. 


SLIC demonstration board 


Figure 4 shows the circuit diagram of 
an 80C31 processor board based on an 
X88C64 SLIC EEPROM. The circuit 
also contains a MAX232N RS232 dri- 
ver/interface for the link to the PC, 
and an I?C interface plus socket. It 
should be noted that the 80C31 has no 
built-in I?C software. However, that 
can be downloaded from the Philips 
Bulletin Board in Eindhoven, The 
Netherlands. The number to dial is 
(431) 40 721102. 

The quartz oscillator crystal fre- 


COMPONENTS LIST 


Resistors: 
R.;R2 = 1000 
R3;R7 = 3kQ3 
Ra; Rs; Re = 3309 


Capacitors: 

C4 = 2uF2 16V radial | =. og 
C5;Cs-Cg;C44 = 10uF 16V radial — 
C3;C, = 27pF E 
C12;C45 = 100nF 


Inductor: 
Li = 100uH 


Semiconductors: 
.D4 = 1N4001 

IC, = 80C31 

IC; = X88C64SLIC (Xicor) 
IC3 = MAX232N 

IC, = 7805 


Miscellaneous: 
Kuko = 10-way boxheader. 
K3 = 9-way sub-D socket, angled pins, 
PCB mount. 
K, = 2-way PCB terminal block, raster 
5mm. 
Ks = 6-way mini-DIN socket, PCB 
mount. 
SR, = MultiMEC 2CTL2 press-key. 
X4 = 11.0592 MHz crystal. 
Printed circuit board 940116 (see page 
78). "E 








CORRECTIONS AND UPDATES 


80C535 Extension card 


June 1994, p. 8-11 

The PCD8584 may be switched to 
'6800' mode if a WR signal arrives 
without a CS signal. The problem may 
be solved by combining WR and CS in 
a diode-AND gate as shown below. 
Pin 18 if IC4 is taken out of the IC 
socket and connected to ground via a 
10-kQ resistor. The WR signal is found 
on socket pin 18, and CS on pin 10 of 
ICs. Also note that the PCD8584 is 
currently supplied as the PCF8584. 


940025 - L 





Dual-purpose LED display 


December 1994, p. 90 

Resistor Ras should be connected to 
ground, not to +12 V as shown in the 
circuit diagram. 


Experimentation board for 
PICs 


July/August 1994, p. 74. 

In the circuit diagram, the signals on 
pins 7 and 8 of both connectors K; 
should be swapped. MCLR is on pin 8, 
and RTCC on pin 7. The relevant PCB 
is all right. 


Mains signalling system 
(2) 


May 1994, p. 10-14. 

The instructions for command ‘T 
should read: T’ must be followed by 
the address in ASCII, and terminated 


with a semicolon (';!). 

The baudrate for the communica- 
tion software should be set to 300, for- 
mat: 8 bits, 1 startbit, 1 stop bit, no 
parity. 


Electronic fuse 


March 1994, p. 56. 

To prevent transistor Ts from burning 
out when the reset switch is pressed 
during an overload condition, switch 
S; should be connected between the 
collector of T; and the base of To. 





quency, 11.0592 MHz, must not be 
changed into, say, 12 MHz because it 
determines the speed of the SLIC serial 
communication (9600 baud). Apart 
from the reset switch, Si, the circuit 
also has a press-key to generate an 
INTO interrupt. If capacitor Ca is made 
much larger than C;, the circuit gener- 
ates an INTO interrupt automatically 
at power-on. This interrupt should 
cause the system to jump to the SLIC 
software, via the user program. 

The I/O lines of ports | and 3 are 
available on connectors K, and Ko. 
These connectors may be used to hook 
up extension circuits which serve to 
control the 80C31. 

Finally, the track layout and compo- 


nent mounting plan of the 
80C31/SLIC board are shown in 
Fig. 5. (940116) 


For further information, contact 

Xicor, Inc., 1511 Buckeye Drive, 
Milpitas CA 95035-7493, U.S.A. Tel. 
408/432-8888, fax 408/432-0640. 
Xicor Ltd., Hawkins House, 14 Black 
Bourton Road, Carterton OX18 3QA, 
England. Tel. (01993) 844435, fax: 
(01993) 841029. 





Fig. 5. Printed circuit board designed for the 
80C31/SLIC controller (board available 
ready-made, see page 78). 
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Programming Solutions 


SMART Communications offer the best range of low cost programmers for your every need. 
Unrivalled device support includes the la adc d pLSI, MAPL, PIC, WSI, Atmel, Xilinx and 
Intel parts. 


ALL-07 Universal Programmer 


Pin driver expansion can drive up to 256 pins. 
Supports over 2000 IC's — 3 and 5 volt devices. 

EPROMs, E7PROMs, Bipolars, Flash, Serial EPROMs 

up to 16 Mbits parts, over 150 Microcontrollers 

and PLDs, EPLDs, PEELs, PALs, GALs, FPGAs etc... 
Universal DIL (up to 48 pins), PLCC and gang PACs 

— significantly reduces the number of adapters required. 
Powerful full colour menu system. 
Connects to the pc printer port with its own power supply. 
Latest programming algorithms. 
Tests TTL, CMOS and SRAM devices 

- even identifies unknown parts. 
Approved by AMD for their range of programmable logic. 


£595 








EMP-20 
Multi-Device 
Programmer 


EPROMs, E2PROMs, Flash, 
Serial EPROMs to 16 Mbits. 


PLDs, GALs, PEELs, WSI PSDs. 


Intel, Microchip, Motorola 
and Zilog Microcontrollers. 


Fast programming algorithms. 
















£325 
> nN 
Erasers b PB-10 Programmer 
& pin Low cost programmer. 


EPROMs, E7PROMs, Flash and 8748/8751. 
Fast programming algorithms. 
Simple but powerful menu driven software. 


£139 


SMART Communications have a full 
range of dedicated programmers for 
the Microchip PIC range of 
microcontrollers — both single and 
gang for DIL and SOIC variants. 


convertors 


AT-701 - Chiprase 
Ultra-violet eraser. 
Very compact 

l6 gen capacity 


Built in timer £95 


Pin convertors 
from DIL to 
PLCC, SOP, SOIC etc... 


from £50 


We also supply a wide range of development tools - Assemblers, Compilers, Simulators 
and Emulators — for a wide range of microprocessors, especially the Microchip range. 
Our ROM emulators start at just £99. 
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Selecting voltage references 


oltage references are simple devices, 
but making the right choice for a given 
application can be a chore if you do not take 
an orderly approach. This article simplifies 
the task with a review ofthe available ref- 
erence types and a discussion of the speci- 
fications manufacurers use to describe them. 
Unlike most electronic circuits, the volt- 
age reference resists any change in output. 
While most circuits try to produce an ideal 
waveform ora faithful replica ofinput vari- 
ations, the ideal reference maintains constant 
Uut despite all variations in time, tem- 
perature, input voltage and load current. 
References differ in their approximations of 
this ideal, so to choose well you must be fa- 
miliar with the available types and their 
performance parameters. These two topics 
are covered in the following sections. 


Voltage-stable devíces 


Before the advent of solid-state voltage ref- 
erences, engineers in search ofa stable volt- 
age had to use standard cells or batteries. 
Both are self-powered and produce stable, 
well-defined voltages when not loaded. But, 
since their output voltages are so tempera- 
ture sensitive, they must be specified at a 
single temperature. 

The standard cell consists of liquid mer- 
cury and liquid electrolyte in an H-shaped 
glass container. Though accurate to a few parts 
per million, it can take weeks or months to 
recover if overloaded or tipped on its side! 

Mercury celis (batteries) are more ro- 
bust. Good for several years without re- 
placement, they provide about 21/5 digit ac- 
curacy when new. They furnish only a few 
milliamps of current. Though stil! used in 
some portable applications, most have been 
replaced by modern low-current (10 fA) ref- 
erences. 

The first modern voltage reference is the 
zener diode. Used mostly in clamp circuits 
and power supplies, it comes in a variety of 
voltages, packages, and power ratings. Not 
quite accurate enough or stable enough to 
qualify as a voltage reference by itself, the 
zener produces a reasonably constant volt- 
age when connected in series with a resistor 
and a source of unregulated voltage. 

Thezener's temperature coefficient (tem- 
pco) is a function of its breakdown voltage, 


A Maxim Application 


andis remarkably low at about 6.3 V. By plac- 
ing a conventional pin junction in series 
with the zener, you get a combination whose 
forward voltage drop (at a specific operat- 
ingcurrent)can betailored for extremely low 
tempcos. Known as a reference diode, this 
combination has seen lots of development. 
Fortempcos below 25 ppm ?C-1, however, the 
cost becomes prohibitive for testing, match- 
ing, and selecting the diodes. 

Zeners have a well-understood ageing 
effect, and the best reference diodes receive 
years ofburn-in conditioning to minimize the 
output changes caused by ageing. Such de- 
vices are produced not by the zener manu- 
facturers, but by specialty houses and man- 
ufacturers of high-end voltmeters and lab- 
oratory voltage standards. 

The combination of a reference diode and 
op amp in a hybrid IC produces the ampli- 
fied diode—a voltage reference with many 
advantages. Ratherthan testing and match- 
ing diodes (a procedure involving thousand 
of logged measurements and hundreds of 
parts at dozens oftemperatures) you simply 
combine randomly selected op amps and 
reference diodes, and set the tempco with 
standard op amp trimming techniques. 

Each amplified diode requires a complete 
temperature sweep followed by several trims, 
and a second temperature sweep to confirm 
performance, but the resulting tempco is 
better than 1 ppm ?C-!. Maxim's hybrid ref- 
erences, the MAX670 and MAX671, are built 
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and tested in this way. 

The MAX670/671 amplified-diode refer- 
ences use internal resistor networks to am- 
plify the output to 10.000 V +1 mV, inde- 
pendently of the precise zener current and 
voltage required for minimum tempco. 

In addition, the MAX670/671's opampis 
configured as a 4-wire power supply with sep- 
arate force and sense leads to eliminate the 
effect of voltage drops along the connecting 
wires. As a result, the reference voltage ap- 
pears exactly where 1t is needed—not just 
at the amplified-diode’s output terminals 
(see the box on the next page). This feature 
is vital to low-ppm applications because it 
eliminates ground-loop errors, thermal volt- 
ages, and IR drops in the connections—in- 
cluding a socket (ifused) for the voltage ref- 
erence itself. (At 1 mA, a 10 mQ trace resistance 
produces a 10 fV [1 ppm] error). 

Kelvin connections also allow the deliv- 
ery of considerable load current. Ifnecessary, 
you can boost the load current to several 
amperes (without degrading accuracy) by 
adding an external pass transistor within 
the feedback loop. Thus, the amplified diode 
not only eliminates board trimming during 
manufacture, it ensures repeatability—both 
on the production line and following field re- 
pair. 

The zener diode’s successor is the band- 
gap reference. Almost impossible to make 
with discrete components, the bandgap ref- 
erence is made practical by integrated-cir- 
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Fig. 1. The familiar 'S' curve of this 
bandgap reference shows a minimum 
variation with temperature. 


Fig. 2. Bandgap diodes have a much 
sharper knee than actual diodes. 
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cuit technology. Bandgaps are based on a 
simple and elegant principle—take a known 
problem and turn it into a solution. 

The problem is that forward-conducting 
silicon diodes have a well-defined tempera- 
ture coefficient (2 mV ?C-1), but a hard-to- 
control offset voltage. The solutionis to fab- 
ricate (for example) 11 identical diodes on 
a silicon substrate, arrayedin a tight group 
for close thermal matching. Connect all but 
one central diode in parallel. Then, drive 
that diode and the remaining group with two 
identical currents, so the central diode op- 
erates with an approximate 10-times high 
density across its junction. The central- 
diode voltage has a negative tempco, but 
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the voltage difference (for the single diode 
vs the group) has positive tempco. 

If you then arrange for the voltage difference 
(times a gain factor) plus the central-diode 
voltage to equal the bandgap voltage of sil- 
icon (1.205 V), the sum will (ideally) havea 
tempco of zero (Figure 1). This is what the 
bandgap circuit does. 

The simplest and least expensive bandgap 
reference is a two-terminal device such as 
Maxim’s ICL8069, which operates like a 
zener diode. Unlike zeners, however, the 
bandgap has alow voltage(1.23 V)and a very 
sharp knee at low operating currents: the 
voltage change from 50 fA to 5 mA is less than 
15 mV (Figure 2). Low voltage and low cur- 


rent make bandgap references suitable for 
operation in feedback networks, biasing 
networks for opamps, and other circuits for 
which the zener reference is inappropriate. 


Specifications 


To select the best reference for a given ap- 
plication, you must be aware not only of the 
different reference types, but also of spe- 
cial definitions manufacturers use for the spec- 
ifications that describe voltage-reference 
performance. The following entries define 
and discuss each parameter. 
Accuracy. This is an ambiguous term. It 
is literally the sum of all deviations from 
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the ideal output value, expressed as a 
fraction of the ideal, subtracted from 
one, and multiplied by 100. A perfect ref- 
erence, therefore, is 100% accurate. But 
in common usage, accuracy and total 
error are used interchangeably. A ‘1%- 
accurate’ reference is generally under- 
stood to have a total error of 1%, not 99%. 

Error. A particular categeory of deviation 
from the ideal. Voltage-reference errors 
are expressed either as absolute values 
(mV, for instance), or as fractions, and 
in percent (%) or parts per million (ppm). 

Initial accuracy. The output-voltage tol- 
erance exhibited by a voltage reference 
following the initia! turn-on of power. It 
is usually measured at no load or for a 
range of load currents. In many appli- 
cations, initial accuracy 1s the most im- 
portant specification. For low-cost ref- 
erences, it may be the only accuracy spec- 
ification. 

Turn-on drift. A change in output voltage 
over a specified time interval following 
turn-on. With or without an oven, all ref- 
erences exhibit some change over the 
first seconds or minutes following turn- 
on. Usually asymptotic, turn-on drift is 
an important specification for portable 
systems that conserve battery energy by 
powering the reference for short periods 
only. 

Short-term drift. Similar to turn-on drift, 
but specified for a short period (mil- 
liseconds to minutes) at any time after 
turn-on. It often appears in data sheets 
as achart recording or scope photo. Short- 
term drift differs from noise only in the 
units of measure; both are small, un- 
predictable, and random. 

Long-term drift. Slow changes in voltage- 
reference output that occur over min- 
utes, days, or months of continuous op- 
eration. Long-term drift, usually ex- 
pressed in ppm/1000 hours, is a form of 
noise and is therefore random and un- 
predictable. 

Ageing. A gradual change in output volt- 
age caused by long-term changes in the 
characteristics of the reference. Ageing 
differs from long-term drift, however: it 
results in a slow unidirectional change 
in the reference voltage, whereas long- 
term drift causes random fluctuations. 

Noise. Electrical noise at the output ter- 
minals of a voltage reference. It may in- 
clude wideband thermal noise, low-fre- 
quency spikes of wideband (popcorn) 
noise, and narrow-band l/f noise. 
Thermal noise is small and easily fil- 
tered with a simple RC network, unless 
the application prohibits that approach. 
For applications that power the refer- 
ence for short intervals only, most forms 
of noise translate to a component of the 
initial accuracy. 

Temperature drift. A change in output 
voltage caused by temperature, ex- 
pressed in ppm °C-! or % “C-1. Usually 
the second most important specification 
after initial accuracy, it becomes domi- 
nant for applications in which the ini- 
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Fig. 3. The slope method of depicting 
Uut VS temperature simply illustrates 
the maximum dv/dt with a straight line 
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Fig. 4. The box method, which encloses 


the extremes of Uan variation within a 
box, gives a closer approximation 
to the actual error. 
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Fig. 5. The butterfly method gives one 
actual data point at +25 ^C, plus a 
limiting envelope that specifies the 
error more tightly than does 
the slope method. 


tial accuracy can be compensated by a 
calibration of adjustable gain. Three 
methods of specification are common. 

Slope method (Fig. 3): a line represent- 
ing the worst-case (highest) dv/dt over 
the temperature range of interest. Used 
mostly on older military products with 
an assumption that the drift 1s linear 


(often wrong), this method enables worst- 
case calculations. One problem: the ac- 
tual point of maximum slope is not spec- 
ified. 

Box method (Fig. 4): a box formed by 
min/max limits for output voltage over 
the temperature rnage of interest. This 
construction corresponds to the method 
of test, and provides a closer estimate of 
actual error than does the slope method. 
The box guarantees limits for the tem- 
perature error, but (like the slope) says 
nothing about the exact shape and slope 
of the output response. 

Butterfly method (Fig. 5): a more de- 
tailed set of limits that actually shows 
one datum point (at 25 “C), with mini- 
mum and maximum slope lines passing 
throughit, and two or more breakpoints 
along each line. The name comes from 
the shape of these lines as they appear 
on the graph of output voltage vs tem- 
perature. 

Figures 3—5 represent the same fictitious 
voltage reference. Note that the numer- 
icalerror estimates listed on each figure 
are not easily compared, but the box may 
beinverted by drawing a diagonal across 
it. That slope then allows a closer com- 
parison with the other two methods of 
specification. 


Self-heating. A change in temperature 


and consequent change in output volt- 
age caused by the flow of load current 
internal to the reference. This effect 1s 
sneaky because it has several time con- 
stants ranging from microseconds to sec- 
onds. Self-heating 1s rarely specified be- 
cause it does not appear in high-speed 
measurements of line and load regula- 
tion. 

You can choose a reference that is spec- 
ified at the extremes of load current, or 
eliminate self-heating by adding an ex- 
ternal transistor or buffer amplifier to 
handle the load current. The monolithic, 
1 ppm MAX676-MAX678 references 
offer another option: they include active 
circuitry that maintains a constant in- 
ternal power dissipation as the load cur- 
rent changes. 


Load regulation. An error produced by a 


change in load current. Like line regu- 
lation, this d.c. specification does not in- 
clude the effects of load transients. 


Line regulation. An error produced by a 


change in the input voltage. This d.c. 
specification does not include the effects 
of ripple voltage or line transients. For 
battery-powered applications, the mod- 
ern voltage reference 1s far superior to 
its predecessors, both for line regulation 
and for the closely related specification 
of dropout voltage (associated with the 
minimum-allowed input voltage). 


Dropout voltage. The minimum input-to- 


output voltage difference (also called 
minimum input-to-output differential) 
that will guarantee proper operation. 
Dropout voltage sometimes appears as 
a line in the specification table, but it 
often appears only as the lower voltage 
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level in the conditions for the line-regu- 
lation specification. The dropout speci- 
fication is particularly important for 
4.096 V references powered from 5 V sup- 
plies. 

Transient response is the response ofa 
voltage-reference output to a transient 
of input voltage or output current. 
Voltage references are not power sup- 
plies, and they rarely excel in the rejec- 
tion oftransients. Data sheets may pub- 
lish scope photos or typical curves for 
transient and a.c. performance, but guar- 
anteed specifications are rare. In gen- 
eral, you must add other circuitry to 
shield the reference from line and load 
transients. 


This review of reference types and specifi- 
cations provides most of the information 
you will need to select a reference for your 
application. Also helpful are the following 
discussions on countering the effects of tem- 
perature, a collection of pitfalls to avoid, 
and another collection of hints on how to 
enhance the performance of your voltage 
reference. 


Circuit pitfalls 
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No matter how good a reference is, poor cir- 
cuit engineering can make it look bad. The 
followingis a summary ofthe problems most 
often encountered. 

Ground. Noise or offset voltage in the 
ground node makes all other trou- 
bleshooting measurements suspect. All 
measurements should be referred to the 
same point, which 1s connected to the 
Kelvin ground sense pin of the reference. 

Noise and glitches. Use an oscilloscope 
to ensure that the reference output is 
stable. As with opamps, very high ca- 
pacitive loads may cause oscillations. 
When monitored with a digital volt- 
meter, a reference output with HF os- 
cillations appears to have very poor ini- 
tial accuracy and poor stability. Also use 
the oscilloscope to look for transients on 
the reference output caused by rapidly 
varying load currents, such as those 
drawn by the reference inputs of some 
A/D converters. 

A/D converters. These devices, particu- 
larly successive-approximation types, 
have high-speed switches that may in- 
troduce extremely narrow, energetic cur- 
rent pulses at the source and reference 
inputs. You may have to buffer the ref- 
erence with an amplifier or a resistor of 


SELECTING VOLTAGE REFERENCES EJ 
20—100 Q. Contrary to intuition, adding 
capacitance to ground can make things 
worse. 

Buffering. The initial offset voltage, off- 
set-voltage temperature drift, and gain 
errors of most buffers will significantly 
degrade the reference accuracy if you 
simply connect a buffer to the reference 
output. The preferred method is to in- 
clude the buffer inside the reference's 
feedback loop (via its sense inputs). 

Temperature. Many references include a 
PTAT (Proportional To Absolute Tem- 
perature)output for convenience, so you 
need only add (for instance) an opamp 
driving a power transistor in close ther- 
mal contact with the reference. As an al- 
ternative in battery-powered applica- 
tions with a human operator, the PTAT 
voltage might drive a comparator that 
actuates a front-panel display, warning 
that the results may be out of range. 

Line regulation. By filtering and pre-reg- 
ulating the input voltage, a zener or 
three-terminal regulator can greatly im- 
prove line regulation, line-transient re- 
jection and ripple rejection. On the other 
hand, most references provide only a few 
MA, so a simple, low-cost RC output fil- 
ter may be appropriate. 

Noise. Adding a simple RC lowpass filter 
can reduce output noise, but the capac- 
itor should have very low ESR to be ef- 
fective at the audio frequencies. Check 
the reference data sheet before adding 
capacitance to the output—too much ca- 
pacitance may cause oscillation. 

Source and sink capability. An external 
buffer amplifier can deliver more load 
current, but be sure to use a reference 
with separate force and sense terminals, 
which is designed to drive an external 
pass transistor within the reference's 
feedback loop. 


Design example 


A simple battery-powered adaptor (see 
Fig. 6) converts an ordinary DVM into a 
4-wire milliohmmeter that accurately mea- 
sures the resistance of wiring, motor coils, 
solenoids,high-current inductors, and meter 
shunts. It can quickly locate short-circuits 
in a power supply or on a printed-circuit 
board. The circuit shown is about 2% ac- 
curate. For higher accuracy, you can make 
component adustments as described below. 

The circuit applies 1 A, 100 mA, or 10 mA, 
according to to the range switch setting, to 
the unknown resistance via two test leads. 
You then set a DVM to the 2 V range and 
connect it with two more test leads, form- 
ing a 4-wire connection to the resistance 
being measured. 

The DVM indicates directly in ohms 
when you depress the momentary-on power 
switch, 31. A 1000 Q resistance, for instance, 
reads 1.000 V on the circuit's 1 A range, so 
1 mV corresponds to 1 mQ. Four-digit and 
five-digit DVMs frequently have 1 uV sen- 
sitivity, providing resolutions of 1 uQ. 
Because the output is a current source, the 
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unknown resistance of the connections and 


test leads 1s not a source of measurement 
error. 

Accuracy depends on the DVM, the 
op amp's input offset voltage (+70 nV max), 
and the tolerance of R4, Ro, R4, Rs, and Re. 
First, trim the 1 A range by selecting R4 or 
by adding a trimming potentiometer be- 
tween R, and Ra. Next, trim the 100 mA 
range and then the 10 mA range by ad- 
justing the highest-valued resistors in the 
R5 and Ro networks. 

Depressing S} turns on the micropower 
reference, IC,, which produces 2.500 V. 
Resistors R, and Ry» divide that output to 
0.1 V, and the op amp forces 0.1 Y at the 
source of T;. This action creates a current 
source that develops 0.1 V across Ry, Rs and 
Rg. The range switch selects a current of 
1 A, 100 mA or 10 mA in the loop formed 
by the resistors, the unknown resistance, 
the 1.5 V battery, and T}. 

Note that releasing S4 (or disconnecting 
the adaptor) eliminates all current drain 
from the 1.5 V battery. An alkaline D cell 
therefore produces thousands of measure- 
ments, even on the 1 A range, if you depress 
91 for brief readings on the DVM only. The 
9 V battery can last for years because its 
load is smaller than 30 pA. 

To search for a short-circuited compo- 
nent or a short between tracks on a PCB, 
first connect the two adaptor leads, one to 
each ofthe relevant tracks. Connect a DVM 


lead to the same point as one adaptor lead, 
and use the other DVM lead to probe along 
the tracks. The highest reading on one track 
and the lowest reading on the other track 
reveal the location of the short-circuit. 


Constant readings indicate no adaptor cur- 
rent flowing in that section ofthe track (for 
a given connection of the adaptor leads), so 
you can eliminate that section from the 
search. [940122] 
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Fig. 6. Operating with a DVM, this low-power adaptor circuit performs 
4-wire, low-resistance measurements. 


ELEKTOR ELECTRONICS JANUARY 1995 


Please mention ELEKTOR ELECTRONICS when contacting advertisers 


TEE 


Bursting with new ideas 


The 94/95 Electromail Catalogue 
[EES Now available 















More ... More ... 











Semiconductors, Surface Mount Hand tools, power tools, 
Technology, fuses, batteries, screwdrivers, wire cutters, drills, ; 
potentiometers, capacitors taps, workshop and machine tools 
quoting your Access/ Visa card 

M Ore ... number and expiry date. OR Write: Send written 

: : - orders, accompanied by cheque, postal order or 
Fire & seci wiring include your Access/Visa card number and Electromail (Dept EE) PO Bor 33, Corby, Northants. NNT17 9EL. 
accessories, lights, plugs, expiry date, ensuring that your order is signed. — - 5, and Electromail are registered trademarks of 
fittings, Datacom products Cheques and postal orders must be crossed and RS Components Lid. 


made payable to ELECTROMAIL. 


Order by phone - pay by Access or Visa - it couldnt be easier „u 


= EN = ES 


3 volumes that add up to the UK's biggest 
technical superstore, at the end of your “phone. 





ELEKTOR ELECTRONICS DECEMBER 1994 


42 
NEW BOOKS 


A Beginners Guide to the Microchip PIC 
By Nigel C. Gardner, Bluebird Electronics 
100 pages; disk included. 

Price: £19.95 


This little book covers roughly the same 
grounds as the PIC programming course 
featured in four instalments in Elektor 
Electronics last year, alihough it must be 
noted that its entrance level is much lower. 
The title of Mr. Gardner's book is, there- 
fore, fully appropriate, because the Beginners 
Guide' is excellent for those who have 
never worked with Microchip Technologies' 
PIC series of RISC microcontrollers. 

The book lays a solid base by first dis- 
cussing elementary concepts such as ASCII 
and hexadecimal notation, file formats 
and product development, before dis- 
cussing the internal structure of the PIC. 
Then comes the interesting bit: hardware 
interfacing and programming. A good dis- 
cussion is presented on the choice of os- 
cillators for the PIC, which is an important 
setting before any programming can be done. 

The MSDOS diskette supplied with the 
book contains the well-known Microchip 
PIC assembler, MPALC, and the associated 
simulator, as well as source code listings 
ofthe programs discussed in the book. Very 
useful if you do not like typing! 

The book contains references to man- 
ufacturers of PIC related products such as 
programmers and starter kits. Unfortunately, 
this book was published just before the 
Elektor Electronics PIC programmer article. 

The sections on debugging are partly orig- 
inal, and partly reproduced from an ear- 
lier publication in Electronic Design. Although 
concise, they provide enough information 
to eleminate the majority of problems 
which may arise during PIC program de- 
velopment. 

The book and the disk form a small but 
powerful package which should enable 
anyone with an interest in these unique 
devices to produce working controller sys- 
tems very quickly. 

Bluebird Electronics, Clayshore House, 
150 High Street, Worton, Devizes, Wilts 
SN10 BSE. 


Understanding and Servicing CD Players 
By K. Clements 
ISBN 0 7506 0934 6 
Price £25-00 (hard cover) 
Written specifically with service techni- 
cians and engineers in mind, this book is 
intended as a bench-side companion and 
guide to the principles involved in repair- 
ing and adjusting CD players. Engineers 
will find this a helpful companion to the 
various service manuals. The text takes a 
problems-solving approach with numer- 
ous examples, circuit diagrams and line 
drawings. 

Engineers who need to achieve a bet- 
ter understanding of CD technology will 
find this book an essential tool for fault di- 


agnosis, adjustment and repair. The book 
not only covers the mechanical designs, 
but also the integrated circuits within a CD 
player. It is written for immediate appli- 
cation and is well illustrated, so it should 
become a welcome addition to the rack of 
tools available to the service engineer. 
Ken Clements has extensive experience of 
the service industry both as a service man- 
ager and later in technical training with 
Sony and Pioneer. It is his hands-on knowl- 
edge that makes the book so valuable, not 
only as a wide-ranging reference , but also 
as a benchtop manual to be kept within 
reach at all times when working with CD 
players. 

Published by Butterworth-Heinemann". 


Integrated Circuit, Hybrid, and Multichip 
Module Package Guidelines 

By Michael Pecht 

ISBN O 471 59446 6 

Price: £58-00 (hard cover) 

Circuit designers, packaging engineers, 
printed-circuit board fabricators, and pro- 
curement personnel will find this book's 
microelectronic package design-for-reli- 
ability guidelines and approaches essen- 
tial for achieving their life-cycle, cost-ef- 
fectiveness, and on-time delivery goals. 
Its uniquely organized, time-phased ap- 
proach to design, development, qualifi- 
cation, manufacture, and in-service man- 
agement shows you how to: define realis- 
tic system requirements; define the sys- 
tem usage environment; identify potential 
failure modes; characterize materials and 
processors; and use experiment, step- 
stress, and accelerated methods to en- 
sure optimum design before production be- 
gins. 

Published by John Wiley & Sons, Inc. 
Baffins Lane, Chichester, West Sussex, 
England PO19 1UD 


Hands-on Guide to Oscilloscopes 

By Barry Ross 

ISBN 0 07 707818 7 

Price £17-95 (soft cover) 

All oscilloscope users, from students and 
hobbyists to experienced engineers and de- 
signers, will find this guide to oscilloscopes 
invaluable. The book covers all aspects of 
oscilloscope use. Assuming a minimum of 
previous knowledge, the book is devel- 
oped to allow the novice to become famil- 
iar with oscilloscope circuitry and the cor- 
rect operation of the instrument in a wide 
range of applications. It explains more 
complex oscilloscope functions such as 
digital storage circuitry and the correct use 
of digital storage oscilloscopes (DSOs). 
Coverage includes complete chapters on 
probes and their use, choosing oscillo- 
scopes and what to do when things go 
wrong. Practical application examples at 
the end of each chapter develop the pos- 
sible uses of the oscilloscope with a min- 
imum of extra equipment. It is this prac- 
tical and comprehensive approach which 
should ensure that the text finds a broad 
readership among engineers, scientists 


and electronics enthusiasts alike. 
Published by McGraw-Hill BooK Company, 
Shoppenhangers Road, Maidenhead, 
England SL6 2QL 


Electronic Testing and Inspection 

By Keith Brindley 

ISBN 0 7506 1753 5 

Price £12.95 (hard cover) 

Anyone involved in test will find this book 
crammed with all the basic information they 
need to do the job. Produced in associa- 
tion with the Engineering Training Auth- 
ority, this pocket book provides instruc- 
tion for trainees and students, a reference 
for more experienced staff, and a handy 
guide for all those interested in testing 
and inspection. 

Published by Butterworth-Heinemann". 


Power Supply Cookbook 

By Marty Brown 

ISBN 0 7506 9442 4 

Price £30-00 (hard cover) 

This book provides an easy-to-follow, step- 
by-step design framework for a wide va- 
riety of power supplies. With it, anyone with 
a basic knowledge of electronics can cre- 
ate a very complicated power supply de- 
sign in less than one day. With the com- 
mon industry design approaches pre- 
sented in each section, the book allows the 
reader to design linear, switching, and 
quasi-resonant switching power supplies 
in an organized fashion. Formerly com- 
plicated design topics such as magnetics, 
feedback loop compensation design, and 
EMI/RFI control are all described in sim- 
ple language and design steps. The book 
also details easy-to-modify design exam- 
ples that provide the reader with a design 
template useful for creating a variety of power 
supplies. 

Published by Butterworth-Heinemann*. 








New titles from Babani: 
All titles are priced £4.95 


Antennas for VHF and UHF 
By I.D. Poole 


Electronic Board Games 
By R. Bebbington 


Electronic Projects for Video Enthusiasts 
By R.A. Penfold 


Practical Electronic Musical Effects 
Units 
By R.A. Penfold 


An Introduction to Light in Electronics 
By F.A. Wilson 


Bernard Babani (publishing) Ltd, The 
Grampians, Shepherds Bush Road, 
London, England W6 7NF. 
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Build your own 
Electronic 





Build your own 
Electronic test 
instruments 


Flectronics 


Short course 8051/8032 
Microcon-trollers and assembler 


This book presents a course which 
describes the hardware and the 
software to make a complete 
microcontroller system. The controller 
used is selected from the MCS-51 
family produced by Intel and others. 


142 pages; illustrated; 
230x120 mm 

ISBN 0 905705 38 6 
Price: £ 9.95 ($ 18.50) 


SMT Projects 


This book describes the special 
features of surface mount technology 
and how to work with surface mount 
devices on the workbench. It includes 
over 20 construction projects, all of 
which . have many practical 
applications in and around the home 
and workshop. 


174 pages; illustrated; 
210x140 mm 

ISBN 0 905705 35 1 
Price £ 9.95 ($ 18.50) 


















For testing and inspecting electrical and electronic 
equipment a multitude of electronic test instruments is 
required. Most of these instruments are, of course, 
commercially available. However, for all kinds of reason 
(cost, challenge, for instance) many reserachers, 
enthusiasts and experimenters like to build such 
instruments themselves. 

This book will help them: it contains detailed designs for 
17 measuring instruments, seven generators and 
analysers, ten miscellaneous instruments and a number 
of ancillary and auxiliary circuits. 

The designs range from a simple multicore tester to a 
sophisticated logic analyser. Most of the designs contain 
a special printed circuit (or circuits), full-scale drawings of 
which (with some exceptions) are given in an appendix to 
facilitate the photographing and subsequent production of 
the boards. 

Beginners in electronics will find the first chapter, dealing 
with measurement techniques, a good introduction to the 
fascinating world of electronic test and measurement. 


450 pages; 332 illustrations; 
235 x 170 mm 

ISBN 0 905705 37 8 

Price £ 15.95 ($ 29.50) 


305 Circuits 


Like its predecessors in the Elektor 
Electronics 300 Series of electronics 
projects books, 305 Circuits 
demonstrates the practical aspects of 
electronics through projects that can 
be built at home, in a small workshop 
or in the physics or science 
department of schools and colleges. 


305 


CIRCUITS 


370 pages; illustrated; 
230x170 mm 

ISBN 0 905705 36 X 
Price £ 14-95 ($ 27.70) 


Databook 5: Application Notes 


This book contains a large number of 
collected Application Notes 
published by well-known European, 
American and Japanese chip 
manufacturers. The notes cover both 
analogue and digital circuits and form 
a rich source of inspiration for all 
electronic designers. 


| DATABOOKS | 
APPLICATION NOTES | 


320 pages; illustrated; 
210x140 mm 

ISBN 0 905705 33 5 
Price £ 10-95 ($ 20.25) 





THE DIGITAL SOLUTION 


Part 2 - Digital essentials 


efore we go on to examine 

digital circuits in detail, 
we will run briefly through 
some of the essential back- 
ground to an understanding of 
digital electronics. Last month 
we explained the binary basis 
of digital circuits and how 
facts and numbers can be rep- 
resented in them. We also de- 
scribed the three fundamental 
logic operators: NOT, AND and 
OR. 

Circuits can be built to per- 
form the function of a logic op- 
erator. Such a circuit is known 
as a logic gate. A gate has one 
or more inputs, but only one 
output. It is possible to assem- 
ble gates from discrete compo- 
nents, such as transistors, 
diodes and resistors, but this 
ia rarely done. Almost invari- 
ably we use an integrated cir- 
cuit that provides one or (usu- 
ally) more gates. Figure 5 
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Fig. 5. 


shows a typical logic IC: the 
symbols drawn within the out- 
line show the pin connections 
of the six identical gates it con- 
tains. Each gate performs the 
NOT operation. Two pins pro- 
vide the power connections to 


By Owen Bishop 


In this series we look closely at digital electronics, 
what it is, what it does, how it works, and its 
/ promise for the future. 


all six gates. Each gate has 
one input and one output. The 
symbol used in logic diagrams 
for a NOT gate is a rectangle 
with a figure 1 inside and a 
short slanting stroke at the 
output. It is the slanting 
stroke that indicates the in- 
verse nature of the output. 

A NOT gate may be in one of 
two states: 

U high > Usut low 

Uin low  U, high. 
The output is the inverse (or 
complement) of the input. If 
we take a high input or output 
to represent 'true', a low input 
or output represents 'false' or 
'NOT true'. Very occasionally 
we use so-called negative logic, 
in which true 1s represented by 
a low voltage and false 1s rep- 
resented by a high voltage. 

The behaviour of a gate is 
summed up in a truth table. 
This is a table that lists all the 
possible states of the input (or 
inputs, if more than one) and 
the corresponding states of the 
output. For a NOT gate, the 
truth table 1s 


Input Output 
A Z 
U 1 
1 0 


An AND gate has at least two 
inputs. The output is high only 
when both (or all) inputs are 
high. If any one, or more, of 
the inputs is low, the output 
goes low. The truth table for 
AND summarizes the opera- 
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Fig. 6. 














OR 
A ^ E 
P sa Z = A+B Bl Sg 7 Z = A+B+C 
CU L c = | 
B R IE 
940120 - Il - 17 
Fig. 7. 


tion 
Inputs Output 
A B Z 
0 0 0 
0 1 0 
1 0 0 
1 1 1 


Note that the four lines of the 
table cover all four possible 
combinations of states of the 
two inputs. À three-input AND 
gate has this truth table: 


Inputs Output 
A B C Z 
0 0 0 0 
0 0 ] 0 
0 1 0 0 
0 1 1 U 
1 0 0 0 
1 0 1 0 
1 1 U U 
1 1 1 1 


Z is true only when A AND B 
AND C are true. Once again we 
have covered all possible com- 
binations of inputs. Note that 
the way to ensure that all pos- 
sibilities are listed is to fill 
columns A to C with the binary 
numbers equivalent to 0 to 7. 
Figure 6 shows the commonly 
used symbols for 2-input and 
3-input AND gates. 

A high input on any one or 
more inputs of an OR gate 
gives a high output. The truth 
table for a 2-input NOR gate is: 
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Inputs Output 
A B Z 
0 0 0 
0 1 1 
1 0 1 
1 1 1 


Compare this with the truth 
table for an AND gate. Figure 
7 shows the symbols for the 
2-input and 3-input OR gates. 

Although OR, AND, and NOT 
gates are able to cover all pos- 
sible logic operations, a partic- 
ular circuit may require a 
large number of such gates. 
Simplification and reduction in 
gate numbers is made possible 
by the use of certain other 
types of gate. 

Figure 8 shows the symbol 
for a NAND gate. As the symbol 
implies, this is an AND gate 
with a negated output. Its logic 
equivalent in terms of AND and 
NOT is shown in Fig. 8b. Its 
name is a contraction of 
NOT-AND. Note that the nega- 
tion of AB (or NOT-AB) is indi- 
cated by a bar over AB to give 
AB. Here is the truth table for 
a 2-input NAND gate: 


. Inputs Output 
A B Z 
0 0 1 
0 1 1 
1 0 1 
1 1 0 


Corresponding to NAND, there 
is also a NOR, or NOT-OR gate 
(see Fig. 9). Its truth table is: 


Inputs Output 
A B Z 
0 0 1 
0 1 0 
1 0 0 
1 1 0 


A variation of OR logic is 
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known as exclusive OR or KOR. 
It applies only to a 2-input 
gate. The output of an OR gate 
is high if one input or the other 
or both inputs are high. The 
output of an KOR gate is high if 
one input or the other, but NOT 
both, is high. This is shown in 
the truth table: 


Inputs Output 
A B Z 
U U U 
U 1 1 
1 0 1 
1 1 U 
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Fig. 10. 


There 1s also an exclusive-NOT 
gate whose output 1s the in- 
verse of an XOR gate. The 
XNOR gate 1s also known as the 
parity gate or coincidence gate, 
since its output is high when 
both inputs are low or both are 
high. The symbols for XOR and 
XNOR gates are shown in 
Fig. 10. 

All logic operations can be 
performed with only NAND 
gates or only NOR gates as will 
be explained later. 


Logic families 

There are several ways of 1m- 
plementing a gate as an inte- 
grated circuit. Manufacturers 
have produced several families 
of ICs that comprise not only 
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individual logic gates but also 
more complicated logic circuits 
consisting of several or many 
such gates connected together 
on a single chip. The more 
complex logic devices include 
counters, dividers, coders and 
decoders, registers, and arith- 
metric units. The most com- 
plex of all include microproces- 
sors, memories, modems and 
many other specialized logic 
devices. A family of logic ICs is 
based on one particular 
method of fabrication. One of 
the most successful and widely 
used of these is transistor- 
transistor logic, abbreviated to 
TTL. The circuit of a gate 1s 
based on a number of n-p-n 
bipolar transistors plus a few 
resistors and diodes. The ICs 
of this series all have a type 
number beginning with 74. 
This 1s followed by two or more 
digits to indicate the device or 
devices in the IC. For example, 
7400 has four 2-input NAND 
gates; 7404 has six NOT gates; 
74151 is a more complex IC, an 
8-bit multiplexer or data selec- 
tor. 

The 74 series is used less 
often nowadays, since it has 
been superseded by several 
variants, identified by code let- 
ters in the type number. The 
performance of these sub-fami- 
lies is superior to that of the 
original 74 series in various 
ways. Thus, the 74LS series 
requires less power. The 74HC 
series 18 based on complemen- 
tary MOS transistors; its 
power requirement is very 
small and it has a wider range 
of operating voltages. In par- 
ticular, it can operate on volt- 
ages as low as 2 V, making it 
very suitable for battery-pow- 
ered equipment. The 74AC se- 
ries is able to operate at higher 
speed than the other series. All 
serles have equivalent ICs; for 
example, the 74LS00, 74HC00 
and 74ACO00 all have four 
2-input NAND gates with iden- 
tical pin connections. 

Another major series is the 
4000 series. This has ICs that 
are equivalent to the 7400 se- 
ries. For example, the 4011, 
with four 2-input NAND gates, 
is the equivalent of the 7400, 
though the pin connections are 
slightly different. The 4000 se- 
ries has a wide range of oper- 
ating voltages (3-15 V), but 1s 
appreciably slower than the 
7400 series and its relatives. 


But it is fast enough for many 


purposes. 
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Emitter-coupled logic (ECL) 
is one of the fastest families. 
Its speed 1s due to the bipolar 
transistors not being switched 
fully on. This means that they 
are not saturated and it takes 
far less time to switch them off 
again. The disadvantage is 
that high and low levels are 
close and ECL is relatively 
more subject to noise. 

Integrated injection logic 
(IZL) has a very simple con- 
struction (see Fig. 11), with no 
on-chip resistors. This results 
in considerable saving of 
space, so making I?L particu- 
larly suitable for building 
highly complex circuits on a 
single chip. In the NAND gate 
of Fig. 11, a low input to either 
one or both of the input termi- 
nals draws current through 
the p-n-p transistor and turns 
the n-p-n transistor off. This 
gives a high-impedance out- 
put, that is, one which draws 
no current from the input of an 











I?L gate connected to it. If both 
inputs are high, current flows 
to the base of the n-p-n tran- 
sistor, turning it on. The out- 
put will now draw current 
from another gate input, so 1t 
acts as a low-impedance out- 
put. The demand for fast low- 
power ICs for use in battery- 
powered equipment such as 
lap-top computers has led to 
the development of low-voltage 
CMOS ICs. Series such as 
LV-HCMOS and HLL operate 
on 3.3 V. 


Logic operations 


It was stated earlier that all 
logic operations can be per- 
formed with nothing but NAND 
gates or NOR gates. Figure 12 
shows how the basic opera- 
tions may be performed. In 
Fig. 12a the inputs of the 
NAND gate are wired together, 
so they are both high or both 
low. Examination of the truth 





Box 3. The eight theorems derived from the basic rules 
of Boolean Algebra. 
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table for NAND shows that only 
the first and last lines apply, 
giving the same table as that 
for NOT. In Fig. 12b, we use 
this action to invert the action 
of a NAND gate and so obtain 
AND. 

The action of the circuit of 
Fig. 12c is best followed by 
using a truth table. We use 
this as an example of the tech- 
niques used for symbolizing 
logic operations. 


A B A B ABAB 
0 0 1 1 1 0 
0 1 1 0 0 1 
1 0 0 1 0 1 
L X 0 0 0 1 


Begin by filling 1n all possible 
combinations of inputs in the 
first pair of columns. In the 
second pair of columns, we 
have the outputs of the NOT 
gates, which consist of the in- 
verse of their inputs. That 
these are inverses 1s indicated 
by the bar over each symbol. 
In the column headed À B, we 
have the effect of ANDing A 
and B (check with the truth 
table for AND that values are 
entered correctly). This 1s the 
first stage of the NAND opera- 
tion. To symbolize the AND op- 
eration, it is conventional to 
write the symbols A and B side 
by side with no gap between 
them, just as when we write ab 
in algebra to indicate multiply- 
ing a by b. In the last column 
we have the inverse of A B, 
written A B. This completes 
the NAND operation. Compa- 
ring the last column with the 
truth table for OR, we see that 
they are identical: NANDing 
the inverses of A and B is the 
same as ORing them. 

Figure 12d shows how to 
build an XOR gate from NAND 
gates. The truth table is: 


A BAB A(AB) B(AB) AGB 
001 1 1 0 
011 1 0 1 
101 0 1 1 
110 1 1 0 


Use the table for NAND to work 
out the steps in the table 
above. In the last column we 
write the NAND of the two pre- 
vious columns. Comparison 
with the table for XOR shows 
that these four NAND gates 
perform the function of XOR. 
The last column is headed with 
A and B joined by the symbol 
for XOR. The symbol for XOR is 
® and that for XNOR is O. 


These few examples show that 
electronic circuits are able to 
perform a range of logic opera- 
tions from the simplest to the 
most complex. 


Boolean algebra 


It is clear from the preceding 
section that there is more than 
one way to effect a logic opera- 
tion. One of the aims of logic 
circuit design is to reduce the 
number of gates required to a 
minimum. Logic expressions 
can be simplified according to 
the rules of Boolean Algebra. 
The basic rules, or axioms, are 
those which govern the opera- 
tion of NOT, AND and OR gates. 
From these we derive a num- 
ber of theorems which are 
listed in Box 3. A and B are 
logic variables that can take 
the value 1 (high) or 0 (low). In 
the box, the symbol - repre- 
sents AND, where writing the 
two symbols side by side would 
not be clear. To confirm any of 
the eight theorems, draw out 
the corresponding logic dia- 
gram and consult the appropri- 
ate truth tables. Theorems 1, 2 
and 6 can be extended to apply 
to a greater number of vari- 
ables. 

Simplifying logic diagrams 
is a matter of using the theo- 
rems. Take the diagram in 
Fig. 13 as an example. Start 
by labelling the inputs A, B 
and C. Work from left to right, 
writing the output values 
against each gate and carrying 
these values on to the next 
gate. The result is the equa- 
tion: 


Z = AB(B+AC). 


Removing the brackets (Theo- 
rem 6a): 


Z = ABB+ABAC. 


But BB = B (Theorem 3a), and 





AA = 0 (Theorem 7a): 
Z = AB+0-BC. 
From bais ba: 
Z = AB+0. 
From Theorem 5b: 
Z = AB. 


Thus, the circuit of five gates 
simplifies to just one AND gate. 
Also, the result shows that the 
value of Z does not depend on 
the value of C. Not all circuits 
will reduce so dramatically, 
but it is usually possible to 
make at least a small reduc- 
tion in the number of gates. 
One useful technique for ana- 
lysing and then simplifying 
logic statements is a Karnaugh 
Map. This is really a different 
way of setting out the truth 
table for the number of vari- 
ables involved, followed by a 
routine for simplifying the ex- 
pressions and for identifying 
redundant variables (such as C 
in the example above). For de- 
tails of the Karnaugh tech- 
nique, the reader is referred to 
one of the standard textbooks 
on Boolean algebra. 


Digital maths 


Electronic circuits can handle 
logic and, since maths has a 
very logical basis, they have no 
difficulty in handling numeri- 
cal operations, too. The only 
condition is that the numbers 
must be expressed in the bi- 
nary system. Let us look at bi- 
nary addition. The rules for 
adding two binary digits are 


0+0 = 0 
0+1=1 
1+0 = I 


1+1 = 1, carry 1. 


Ignoring the carry for the mo- 


Z = AB(B+AC) 
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ment, we can set out the digits 
to be added (A and B) and 
their sum (Z) in a table: 


A B Z 
U U U 
U l 1 
1 U 1 
1 1 0 


This is recognizable at a glance 
as the truth table for XOR. One 
stage, at least, of binary addi- 
tion can be done with one of 
the logic gates we have already 
described. The table for the 
carry digit, Z', is: 


~e 


> = 99 
= O A G VU 
= OO ON 


This is the truth table for AND. 
Since we need an AND gate for 
the carry digit, we do not need 
an XOR gate as such; the com- 
bination of AND and two NORs 
in Fig. 14 performs the XOR 
function. This circuit is known 
as a half-adder, because its op- 
eration is restricted to adding 
two one-digit binary numbers. 

Sometimes, this is all that 
is required, but more often we 
want to add two numbers 
which each have several digits. 
For this operation we need a 
circuit that 1s able to accept 
the carry-in digit from a previ- 
ous stage of addition. Figure 
15 shows the circuit of a full- 
adder, which has an input for 
the carry-in digit. Its outputs 
are Z (the sum of A, B, and the 
carry-in digit), and a carry-out, 
Z’, to the next stage. 

To add two binary numbers 
of n digits each, we need a 
half-adder for the first digit 
and (n—1) full-adders for the 
other digits (Fig. 16). Such a 
circuit is able to add all the 
digits of the two numbers si- 
multaneously and is known as 






(carry out) 
940124 - II - 24 








Fig. 14. 


ELEKTOR ELECTRONICS JANUARY 1995 


a parallel adder. In practice, 
addition is not completely si- 
multaneous, for it takes time 
for each stage to produce the 
carry digit and pass 1t on to 
the next stage. The carry 
process ripples along the chain 
of adders and, until carrying 
has reached the last adder of 
the chain, the output will be 
incorrect. This ripple effect is 
something that has to be 
taken account of in the design 
of digital circuits. 


Binary subtraction 

It is possible to design logic 
circuits to subtract one binary 
number from another, but 
there is no need to go to such 
lengths. With a httle manipu- 
lation of the digits, we can 
arrange for them to be sub- 
tracted by using an addition 
circuit. There are two meth- 
ods, the first of which uses the 
ls complement. This is ob- 
tained by writing (or obtain- 
ing by a NOT gate) the inverse 
of each digit of the number to 
be subtracted. For example, 
find 

100101-11001. 
The Vs complement of 11001 





19 00110 
Add 100101 
Sum 101011 


Remove the digit from the left 
of the sum and add it to the 
remainder 
01011 
AE: 
Result 1100 
This technique is easily per- 
formed by logic circuits or a 
computer program. Another 
technique uses the 2's comple- 
ment. This is obtained by tak- 
ing the l's complement and 
additing 1 to it. In the exam- 
ple above, the 2's complement 
of 11001 1s 





00110 
Add 1 
Gives 00111 
Add 100101 
Sum 101100 


Remove the digit from the left 
and discard it; the result is 
01100 = 1100 since the 0 at 
the left can be ignored. Most 
computers use the 2's comple- 
ment. 


Negative numbers 
Sometimes we use a special 
convention for expressing neg- 
ative numbers. The first digit 
(or binary digit or bit) 1s used 
as a sign bit. If this is 0, the 
number is positive; if 1t 1s 1, 
the number is negative. The 
rest of the number represents 
its magnitude. If the sign bit 
is 0 (positive number), the re- 
maining bit represents the 
magnitude in the usual way. If 
the sign bit is 1 (negative 
number), the remaining bits 
represent the 1's complement 
or the 2's complement. Using 
this system, we add the sign 
bits along with the rest of the 
numbers so the same logic cir- 
cuit is used, whether or not 
the sign bit convention is 
used. If two positive numbers 
are added, the result 1s the 
same in either case. If one or 
both are negative, we need to 
take the convention into ac- 
count when interpreting the 
result. In the example above, 
which may be rewritten as 
1001014«(-11001), write the 
numbers according to the sign 
bit convention, noting that 
both numbers must have the 
same number of digits: 
+100101 is written 0100101; 
-11001 is first written as 
—011001 to give it the same 
number of digits, then takes 
its complement. The 2's com- 
plement is 10010141 = 
100111. Precede by the nega- 
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tive sign bit to obtain 1100111 
and add the two numbers: 
0100101 
+ 1100111 
Sum 10001100 
As usual in 2’s complement 
arithmetic, discard the first 
digit to give 0001100. This be- 
gins with a 0, so it is positive 
with a value 001100 = 1100. 
Subtracting the first num- 
ber from the second: 
11001+(—100101) gives a nega- 
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Fig. 16. 


tive result: write 11001 as 
0011001, including the sign 
bit and 100101 as its 2’s com- 
plement, preceded by its nega- 
tive sign bit: 1011011. Thus 

0011001 

+ 1011011 

gives 1110100. 
The first digit shows that the 
result is negative. The 2’s 
complement of the remainder 

is 001011+1 = 001100 = 1100. 


Next month we shall see how 
this outline of essentials is ap- 
plied in practice. 


Test yourself 


1. Show by writing out the 
truth table that inverting A 
and B and then ORing them 
is equivalent to ANDing 
them. 

2. Check that the circuit of 
Fig. 14 adds correctly by 
writing out its truth tables. 

3. Find: 

(a) 11001011+1001101; 

(b)10101010-111101. 


Answers to 


Test yourself (1) 


1. a) 10011; b) 101101; 
c) 10100111. 

. 8) 12; b) 39; c) 2897. 

a) 16; b) 5F; o) CD7. 

011010000010. 

951. 
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FAX ORDERS 021 457 9745 


Bags QUANTEK ELECTRONICS, g-u 
aá 1678 BRISTOL ROAD SOUTH, BIRMINGHAM B45 9TZ FN 
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BADGER RÄ p BOARDS 


Printed Circuit Boards for Amateur Radio Schools Colleges 
Short Wave Listeners Clubs Hobbyists & Industry 







A range of Printed Circuit Boardsin stock from many of the Projects in Magazines 
PRACTICAL WIRELESS 0 SHORT WAVE MAGAZINE LJ ELEKTORU HRT 
RADIO COMMUNICATION 
Kits Projects and Materials for manufacturing your own boards. Artwork and Plotting from 
your own Schematic drawings and also C.A.D. facilities. We supply ONE OFF Prototypes 
Phone between 9.00am and 5,30pm Monday to Friday for helpful advice and assistance 
Club talks and demonstrations of Printed Circuit Board manufacture QRP involvement etc 


0121 - 384 2473 
80 Clarence Road, Birmingham B23 6AR 


(Please mention where you spotted (his advertisement) 
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E ORIGINAL SURPLUS 


wanted for cash! THIS MONTH'S SELECTION FROM OUR VAST EVER 
LOW COST PC's - ALL EKPANDABLE - ALL PC COMPATIBLE 
. wwe — SPECIAL BUY PC SCOOP " 


COMPLETE eps i E 
AT 286 COLOUR SYSTEM. 
40Mb HD « 3Mb Ram ONLY £99.00 ii 


LIMITED QUANTITY only of these 12Mhz HI GRADE 286 systems A massive bulk purchase enables us to bring you a COMPLETE 
Made in the USA to an industrial specification, the system was ready to run colour PC system at an unheard of price! 
designed for reliability. The compact case houses the motherboard, The Display Electronics PCS system comprises of fully com- 
PSU and EGA video card with single 5⁄4" 1.2 Mb floppy disk drive & patible and expandable XT PC with 256k of RAM, 544" 360k flopp 

integral 40Mb hard disk drive to the front. Real time clock with bat- disk drive, 12" CGA colour monitor, standard 84 key keyboard, 
tery backup is provided as standard. Supplied in good used condition MS DOS and all connecting cables - just plug in and go 11 Ideal 
complete with enhanced keyboard, 640k + 2Mb RAM, DOS 4.01 students, schools or anybody wishing to learn the world of PC's 
and 90 DAY Full Guarantee. Ready to Run! on an ultra low budget. Don't miss this opportunity. 


Order as HIGRADE 286 ONL y £149. 00 (& 


Optional Fitted extras: VGA graphics card 
1.4Mb 3%” floppy disk drive (instead of 1.2 Mb) 
NE2000 Ethernet (thick, thin or twisted) network card 


FLOPPY DISK DRIVES 3.5"- 8" 
5.25" from £22.95 - 3.5" from £24.95 


Massive purchases of standard 5.25" and 3.5" drives enables us to 
present prime product at industry beating low prices! All units (unless 
stated) are BRAND NEW or removed from often brand new equip- 
ment and are fully tested, aligned and shipped to you with a 90 day 
guarantee and operate from standard voltages and are of standard 
size. All are IBM-PC compatible (if 3.5" supported on your PC). 













YA 





ar 
eea atat 


Fully guaranteed for 30 gr m as PCO9COL. £99.00 (£) 






Optional Fitted extras: 640k RAM 
2nd floppy drive, specify 514" 360k or 32" 720k 






Above prices for PC99 offer ONLY. 


VIDEO MONITOR SPECIALS 


Superb quality 14" FOREFRONT MTS-9600 SVGA Multisync - 
Multimode monitor 0.28" dot pitch with resolution of 
1024 x 768. The multi mode input allows direct con- 
= nection to a host of computers including IBM PC's in 
= CGA, EGA, VGA & SVGA modes, BBC, COM- 
E MODORE (including Amiga 1200), ARCHIMEDES 
$77 etc. The H version will also function with the ATARI in 
all modes inc HI RES monochrome. Compiete with ‘ext’ 











3.5" Panasonic JU363/4 720K or equivalent £24.95 E) Switching for WP use.(possible minor screen bums) Syncs down to 15 
3,5" Mitsubishi MF355C-L. 1.4 Meg. Laptops only * £36.95(B) kHz. Supplied in EXCELLENT little used condition with full 90 day guar- 
3.5* Mitsubishi MF355C-D. 1.4 Meg. Non laptop £29.95(B) antes. 

5.25" Teac FD-55GFH 1.2 Meg pay Order as MTS-9600 / H for ATARI £159.00 (E 
5.25" BRAND NEW Mitsubishi MF501B 360K £22.95(8) Ail modes as above Order as MTS-9600/ S £139.00 (E 

* Data cable included in price. ELECTROHOME ECM-1211SBU 12" VGA multisync monitor with 
Shugart 800/801 8" SS refurbished & tested £195.00(E) resolution 640 x 480. Multi input selection; 9pin CGA/ EGA ; 15 pin 
Shugart 851 8" double sided refurbished & tested £250.00(E) VGA or 5 BNC connectors. 0.31 pitch. Compatible with PCs, Amiga, 
Mitsubishi M2894-63 8" sided switchable NEW £250.00(E) Atari and others. In good used condition (possible minor screen 
Mitsubishi M2896-63-02U 8” DS slimline NEW £285.00(E) burns). 90 day guarantee. ..... 99.00 (E) 


KME 10" high definition colour monitors. Nice tight 0.28" dot pitch 
for superb clarity and modem styling. Operates from s 
any 15.625 khz sync RGB video source, with RGB 
analog and composite sync such as Atari, 
Commodore Amiga, Acorn Archimedes & BBC. 

Measures only 13.5" x 12" x 11". Only £125 (E) sss 


Dual 8" drives with 2 mbyte capacity housed in a smart case with 
built in power supply. idea! as exterior drives! £499.00(F) 


HARD DISK DRIVES 


-End of line parchesa arpapi Brand té Ne rar KE 85 Mone 
of hard disk storage! Full industry standar nterface. Uitra hi Good used condition. 90 day guarantee ; 
speed data transfer and access time, replaces Fujitsu eguivalent n i S 
modei. complete with manual. Only £299.00(E) KME 10" as above for PC EGA standard £145.00 (E) 


3.5" FUJI FK-309-26 20mb MFM I/F RFE Pere NEC CGA 12" colour IBM-PC compatible. High quali- =: 











3.5" CONNER CP3024 20 mb IDE I/F (or equiv )RFE  £69.95(C) ty ex-equipmeni fully tested with a 90 day guarantee. 
3.5" CONNER CP3044 40mb IDE I/F (or equiv.)RFE  £99.00(0) IN an attractive two tone ribbed grey plastic case 
3.5" RODIME RO3057S 45mb SCSI I/F (Mac & Acorn)  €99.00(c) measuring 15" x 13°W x 12H. The front cosmetic 


bezel has been removed for contractual reasons. 


5.25" MINISCRIBE 3425 20mb MFM VF (or equiv.) RFE — £49.95(C 

25. DC 44505 51 40mb HH MEM VF REE tested E Only 449.00; 

5.25" 4205-51 40m teste Ç 

8: FUJITSU M2322K 160Mb SMD VF RFE tested  £195.00(E) 20" 22" and 26" AV SPECIALS 


Superbly made UK manufacture. PIL ail solid state colour monitors, 
complete with composite video & optional sound inputs. Attractive 
teak style case. Perfect for Schools, Shops, Disco, Clubs, etc.In 
EXCELLENT little used condition with full 90 day guarantee. 


20"..£135  22"...£155 26"...£185(» 


9" Mono cased, Black & White for CCTV Used /Tested £49.00 (C) 


DC POWER SUPPLIES 


10,000 Power Supplies Ex Stock 
Call for info / list 

Power One SPL200-5200P 200 watt (250 w peak).Semi open 
frame giving +5v 35a, -5v 1.5a, € 12v 4a (8a peak), -12v 1.5a, «24v 
4a (6a peak). Ali outputs fuliy regulated with over voltage protection 
on the 45v output. AC input selectable for 110/240 vac. Dims13" x 
5"x2.5'. rm "EE Drs RFE. £85.00 (B) 
Power One SPL130. 130 watts. Selectable for 12v (4A) or 24 v 
(2A). 5v @ 20A. & 12v @ 1.5A. Switch mode.New, £59.95(B) 
Astec AC-8151 40 watts. Switch mode. +5v @ 2.5a. +12v @ 2a. 
-12v @ 0.1a. 6-1/4" x 4" x 1-3/4" HEE tested £22.95(B) 
Lambada LYS-PV-12 200 watt switch mode. 12V DC 29a 
semi enclosed, 10" x B" x 5". RFE and fully tested. £59.95(C) 
Conver AC130. 130 watt hi-grade VDE spec.Switch mode.«5v @ 
15a,-5v @ 1a,+12v @ 62.27 x 12.5 x 6. Sems.New. 
Boshert 13090.Switch mode.ideai for drives & system. +5v@ 6a, 
+12v @ 2.5a, -12v @ 0.5a, -5v @ 0.5a. pert 
Farnell G6/40A. Switch mode. 5v € 40a.Encased £95.00(C 


SPECIAL INTEREST 


Hard disc controllers tor MFM , IDE, SCSI, RLL etc. from £16.95 


THE AMAZING TELEBOX 





Converts your colour monitor into a QUALITY COLOUR TV] 


TV SOUND 
8 VIDEO 








The TELEBOX consists of an attractive fully cased mains powered 
unit, containing all electronics ready to plug into a host of video moni- 
tors made by manufacturers such as MICROVITEC, ATARI, 
SANYO, SONY, COMMODORE, PHILIPS, TATUNG, AMSTRAD 
and many more. The composite video output will also plug directly 
into most video recorders, allowing reception of TV channels not nor- 
mally receivable on most television receivers* (TELEBOX MB). Push 
button controis on the front panel allow reception of 8 fully tuneable 
‘off ai UHF colour television channels. TELEBOX MB covers virtual- 
ly ail television frequencies VHF and UHF including the HYPER- 
BAND as used by most cable TV operators. A composite video 
output is located on the rear panel for direct connection to most 
makes of monitor. For complete compatibility - even for monitors 
without sound - an integral 4 watt audio amplifier and low levet Hi Fi 
audio output are provided as standard. 

TELEBOX ST for composite video input type monitors £32.95 
TELEBOX STL as ST but with integral speaker £36.50 
TELEBOX MB Multiband VHF-UHF-Cable- Hyperband tuner. £69.95 
For overseas PAL versions state 5.5 or 6mhz sound specification. 


“For cable / hyperband reception Telebox MB should be connected INTEL SBC486/133SE Multibus 486 system. 8Mb Ram £1975 
to cable type socket. Shipping code on all Teleboxes is (8) Zeta 3220-05 A0 4 pen HPGL RS232 fast drum plotter £2100 
Avitel VDA-3100 Video Distribution Amps. 1 in 92 out £575 
FANS & BLOWERS NS 8 A bench PSU. 30 amps. New £470 

; i ujitsu 60 and printer £ 
MITSUBUSHI MMF-D6D12DL 60 x 25 mm 12v DC £4.95 10/£42  vG Electronics 1035 Decoding Margin Meter Rack £3750 
MITSUBUSHI MMF-08B12DH 92 x 25 mm 12v DC £5.95 107 £53 andrews LARGE 6 m Satellite Dish + mount (For Voyager) £950 
PANCAKE 12-3.5 92 x 18 mm 12v DC l £7.9510/£69 RED TOP IR Heat seeking missile (not armed i!) POA 
EX-EQUIP 120 x 38mm AC fans - tested specify 110 or 240 v £6.95 Tektronix 1L30 Spectrum analyser plug in £330 
EX-EQUIP 80 x 38mm AC fans - tested specity 110 or 240 v £5.95 Thurlby LA 1608 logic analyser £375 
VERO rack mount 1U x 19" fan tray specify 110 or 240v £45.95 GEC 1.5kw 115v 60hz power source £950 
Shipping on all fans (A). Blowers (B). 50,000 Fans Ex Stock CALL Anton Piller 75 kW 400 Hz 3 phase frequency converter POA 
1 Newton Derby 70 KW 400 HZ 3 phase frequency converter POA 
IC's TRANSISTORS DIODES Nikon PL2 Projection lens metei/scope n £780 
, RI ekonic 150H 18 channel digital Hybrid chart recorder £1995 
OBSOLETE SHORT SUPPLY x BUI , HP 7580A A1 8 pen HPGL high speed drum plotter £1850 
5,000,000 items EX STOCK Kenwood DA-3501 CD tester, laser pickup simulator £350 
L ] vea i erate omputar 16mm auto iris lenses 'C' mount 5 
For MAJOR SAVINGS - SAE or CALL FOR LATEST LIST Seaward PAT 2000 dual voltage computerised PAT tester — £585 













ere L ge Ps g's E 2 [LONDON SHOP jg | DISTELO The Original 
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Issue 12 Of Display News now available - send large SAE - PACKED with bargains! 


ALL MAIL & OFFICES 
Open Mon-Fri 9.00-5:30 
Dept EK. 32 Biggin Way 
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Controlled 


Laser Video 
Disk Player 
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One of the most amazing surplus deals 
that we ever been able to offer you! 
The Philips VP410 LaserVision player, in as new condition, unit fea- 
tures full computer control, Plays standard 12" LaserVision disks with 
startiing visual and audio quality in two channel stereo or mono. 
When controlled by a computer, it may also be used as a versatile 
high quality storage / retrieval medium. It will play back either 
LaserVision CAV (active play) or CLV (Long Play) discs (which cov- 
ers most types of commerciaily available video discs). Some of the 
many features of this incredible machine are: 

RS-232 INTERFACE RGB / COMPOSITE VIDEO OUTPUT 
BNC+SCART INTERFACE PAL / RGB DECODER 


iR+WIRED REMOTE CONTROL FAST RANDOM ACCESS 


SPECIAL PURCHASE ony £399.00. 
BBC Model B APM Board 


£100 CASH FOR THE MOST 
NOVEL DEMONSTRABLE 
APPLICATION 


BBC Model B type computer on a board. A major purchase allows us 
to offer you the PROFESSIONAL version of the BBC computer at a 
parts only price. Used as a front end graphics system on targe net- 
worked systems the architecture of the BBC board has so many sim- 
darities to the regular BBC modet B that we are sure that with a bit of 






"N £100 
Weastt! 







experimentation and ingenuity many useful applications will be found 
for this board!! It is supplied complete with a connector panei which 
brings all the I/O's to 'D' and BNC type connectors - ail you have to 
do is provide +5 and +12 v DC. The APM consists of a single PCB 
with most major ic's socketed. The ic's are too numerous to list but 
include a 6502 / 6512 CPU, RAM and an SAA5050 teletext chip. 
Three 27128 EPROMS contain the custom operating system on 
which we have no data, On application of DC power the system 
boots and provides diagnostic information to the video output. On 
board DIP switches and jumpers select the 
ECONET address and enable the four extra Only £29.95 
RAY era for user eae Appx. gi 
ims: main board 13" x 10". board 14" x 
3". Supplied tested with circuit diagram, 2 for £53 (B) 
data and competition entry form. 
H 
19" RACK CABINETS 
Superb quality 6 foot 40U 
Virtually New, Ultra Smart 
Less than Half Price! 
Fop quality 19" rack cabinets made in UK by 
Optima Enclosures Ltd. Units feature design- 
er, smoked acrylic lockable front door, tull 
height lockable half louvered back door and 
removable side panels. Fully adjustable inter- 
na! fixing struts, ready punched for any config- 
uration of equipment mounting plus ready 
mounted integral 12 way 13 amp socket 
switched mains distribution strip make these 
racks some of the most versatile we have 
y be stacked side by side and therefore require 
only two side panels to stand singly or in bays 
Overall dimensions are: 77-1/2" H x 32-1/2" D x 22" W, Order as: 
Rack 1 Complete with removable side panels. £295.00 (G) 
Rack 2 Rack, Less side panels £175.00 (G) 
Over 1000 racks in all sizes from stock ! 
Call with your requirements. 
INTEL 'ABOVE' Memory Expansion Board. Full length PC-XT and 
PC-AT compatible card with 2 Mbytes of memory on board. Card is 
fully selectable for Expanded or Extended (286 processor and 
above) memory. Full data and driver disk supplied. In good used 
condition fully tested and guaranteed. 
Windows compatible. Order as: ABOVE CARD  £59.95(4A) 
Half tength 8 bit memory upgrade cards for PC AT XT expands 


memory either 256k or 512k in 64k steps. May also be used to fill 
in RAM above 640k DOS limit, Complete with data. 


Order as; XT RAM UG. 256k £32.95(A1 
51 £98 951 
1 MEG x 9 SIMM 9 chip 120ns only £29.95(A1 


No Break Uninterruptible PSU's 


Brand new and boxed 230 volts 1 KVa uninterruptible power supply 
from system from Densei. Model MUD 1085-AHBH. Complete with 
sealed lead acid de in maea case. POR time from inter- 
rupt is 15 minutes. Complete with fuli manual. 

Orderas: MUDI £575.00) 
EMERSON ACCUCARD UPS, brand new 8 Bit half length PC com- 
patible card for all IBM XT/AT compatibles. Card provides DC power 
to all internal system components in the event of power supply fail- 
ure. The Accusaver software provided uses only 6k of base RAM 
and Puma ay copies all system, expanded and video memory to 
the hard disk in the event of loss of power. When power is returned 
the machine is returned to the exact status when the power failed ! 
The unit features full self diagnostics on boot and is supplied with full 
fitting instructions and manual. Normal price £189.00 


Only £99.00) or 2 for £1950 








ALL 2 ENQUIRIES 


081 679 4414 


FAX 081 679 1927 





er Norwood 
N SE19 3XF 


VAT to TOTAL order amount. Minimum order £10. Bona Fide account orders accepted from Government, 
Schools, Universities and Local Authorities - minimum account order 250. Carriage charges (A)=£3, (A1)-£4.00, (B)=£5.50, (C)-£8.50, (D)-£12.00, (E)=£15.00, 
(F)=£18.00, (G)=CALL. Allow approx 6 days for shipping - faster CALL. Scotland surcharge CALL. Ail goods supplied to our Standard Conditions of Sale and 
unless stated guaranteed for 90 days. All guarantees on a retum to base basis. All rights reserved to change prices / specifications without prior notice. Orders 
. Discounts for volume. Top CASH prices paid for surplus goods. All trademarks etc acknowledged. O Display Electronics 1994. E & O E. 


QUASI-ANALOGUE CLOCKWORK 


Digital watches with displays consisting of numbers only have 
lost much of their popularity over the last few years. They are 
now outnumbered by traditional dials with hour and minute 
hands actuated by a digitally controlled stepper motor. These 
watches (and clocks) are the best of both worlds because they 
have an analogue readout with digital control. The LED clock 
described in this article is based on the same principle, only 


there are no moving parts at all. 











Design by P. Hogenkamp 


HE quasi-analogue clockwork dis- 
cussed in this article uses 
144 LEDs (light emitting diodes) to in- 
dicate the time on a round, quasi-ana- 
logue dial with a diameter of about 
22cm. One of twelve green LEDs lights 
at maximum intensity to mark the 
hours, while the other eleven are 
dimmed. Between two green LEDs sit 
11 red LEDs, each of which represents 
a period of five minutes. In this way, 
the time is indicated with an accuracy 
of five minutes. This would seem to be 
enough in view of the mostly decora- 
tive function of the present clockwork. 
To keep the circuit as simple as pos- 
sible, it is based on discrete logic inte- 
grated circuits from the 4000 CMOS 
series only. 


Circuit description 


The complete circuit diagram of the 
clockwork is given in Fig. 1. The power 
supply is a simple, conventional, de- 
sign which also supplies a pulse- 
shaped 50-Hz signal. These pulses are 
derived from the mains voltage with 
the aid of a network consisting of Rao 
and Cs. Next, Schmitt-trigger ICay 
turns the sine-wave shaped pulses 
into rectangular pulses which are used 
to clock counter/divider IC,. Since this 
IC is wired for a total divisor is 1,500, 
the frequency of the output signal is 
1/300 Hz. That equals one pulse per 
five minutes. A divisor of 1,500 is 
achieved by detecting the binary code 
‘1500’ with the aid of IC34 and ICəp. 


When the value 1500 is reached, a 
pulse is generated via Rs and Cy. The 
pulse is cleaned and shaped by gates 
LIC ac and ICag. Next, it resets IC;, and 
increases the contents of ICs by one. 
The other input of IC3q is connected to 
push button S,. This button serves to 
adjust the clock. The pulse supplied by 
the push-button is 'debounced' by net- 
work Rs-Rs-Cs. Every time the button 
is pressed, the readout will advance by 
one LED position. 

Circuit IC; operates as a five-min- 
utes counter, and has 12 states, corre- 
sponding to 0, 5, 10, 15, 20, 25, 30, 
35, 40, 45, 50 and 55 minutes.The 
outputs of ICs determine which output 
of multiplexer IC; (a 4067) is actuated. 
The common input of the multiplexer 
is connected to the +12 V supply rail 
via a 680-Q resistor, R;. When all mul- 
tiplexer inputs (A-D) are held at O, the 
anode terminals of the LEDs con- 
nected to output AO (Di, Dia. D25, D37, 
Dag, Dei. D73, Das: Doaz. Diog, Dia and 
D133) are connected to the 12-V supply 
via resistor R;. To make a LED light, 
however, its cathode must be pulled to 
ground. That is done by another multi- 
plexer, ICg, which has its common out- 
put connected to ground via R4 
(820 Q). The binary pattern applied to 
the A-D inputs determines which LED 
has its cathode connected to ground. 

As soon as ICs reaches state ‘12’ 
(which corresponds to O minutes), the 
counter is reset via IC4. and IC44. Also, 
ICg receives a clock pulse which marks 
the start of a new hour. Increasing the 
contents of ICg results in the next out- 
put of ICg going low. The multiplexer 
then ensures that the cathodes of the 
selected LEDs are pulled to ground. As 
soon as ICg supplies the binary code 
‘12’, a reset pulse is generated via IC3p, 
R7, Ca and ICa4. This pulse resets ICg 
to state ‘0’, so that the counter can 
start to count 12 hours again. 

The structure of the LED matrix 
may be a bit difficult to distill from the 
circuit diagram. It is, therefore, shown 
separately in Fig. 2. 

As already mentioned, the display 
has 132 red LEDs and 12 green LEDs. 
The green LEDs light continuously at 
low intensity. This is achieved by con- 
necting their cathodes to ground via 
10-kQ resistors (Rg-R;9). If you want to 
increase the brightness of the green 
LEDs, you may lower the value of Rg- 
Rio to, for instance, 3.3 kQ. Since the 
anodes of the LEDs are connected to 
+12 V via resistor Raa, a constant cur- 
rent of about 0.5 mA flows through 
each LED. At the full hour, the rele- 
vant green LED must light at maxi- 
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Fig. 1. Circuit diagram of the quasi-analogue clockwork. 


ELEKTOR ELECTRONICS JANUARY 1995 


QUASI-ANALOGUE CLOCKWORK 















* see text 


R20 


IC2 - 4082 
- 4093 


IC3, IC4 


R22 


- 
e 
e 
st 
z 
= 

x 
st 





è 

> 

o 
| | 
| | 
| I 

w 
| ! 
| | 
I i 
| | 
* N 


930024 - 11 





54 GENERAL INTEREST 








mum intensity. That is achieved by 
connecting a diode and an 820-Q re- 
sistor, R4, in parallel with the selected 
LED. This trick explains why the LEDs 
connected to line AO are wired differ- 
ently in the matrix. 

The power supply of the clockwork 
is straightforward. A discrete bridge 
rectifier turns the 9-V alternating volt- 
age applied by a transformer into a di- 
rect voltage of about 12.5 V. A 


Fig. 2. Schematic structure of the LED ma- 
trix. Note that the LEDs which indicate the 
hours are connected in a special way. 





resistor-zener diode stabilizer, Ros- 
Dig, is used to obtain a reasonably 
stable +12 V supply voltage. LED Diez 
is located in the centre of the dial, and 
lights as a soon as the supply voltage 
is present. The last LED on the dial, 
D1e3, flashes at a slow rate to indicate 
that the clock is ‘ticking’. 


Construction 


The printed circuit board designed for 
the clockwork has a fairly unusual size 
and shape. The special design is nec- 
essary because the circuit board dou- 
bles as the dial of the clock. The track 
layout and component mounting plan 


930024 


Fig. 3. Track layout and component mounting plan of the clockwork PCB, shown at 85% of true size (board available ready-made through the 
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Readers Services, see page 78). 
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Use your electronics know-how to 
create great sound! 


Speaker Builder, the world's only loudspeaker 
magazine in English, can show you how to achieve 
excellence in sound from your stereo system. 
Whether you're modifying and improving your 
present speakers or building a new design from 
scratch, Speaker Builder contains the latest in 
loudspeaker technology. Within its pages, learn 
about Thiele-Small design software, build an in- 
expensive measurement mike good enough for the 
professionals, or simply indulge in reading about 
the experiences of others using their technical 
skills to improve the sound around them. 


Since 1980, Speaker Builder has been exploring 

both the traditional and more unusual formats for loudspeakers. From pipes to 
corrugated boxes to transmission lines and electrostatics, every conceivable 
medium is discussed. An international forum for speaker enthusiasts the world 
over, sharing ideas and designs, Speaker Builder has made it possible for 
thousands to enjoy the highest quality sound without straining their budgets. 


The publishers of Speaker Builder invite you to use your electronics know-how to 
discover the world of better sound. To subscribe, simply return the form below with 
your payment or FAX your credit card order and receive 8 issues of Speaker Builder 
for a low introductory rate of $45 for a one- year subscription. That's a $5 savings 
off the regular overseas airmailed rate. Or you may subscribe for two years at $80 
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Speaker Builder 
PO Box 494, Peterborough, NH 03458-0494 USA 
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are given in Fig. 3. Unfortunately, the 
position of the LEDs in a circle re- 
quires a fair number of wire links on 
the board. 

The board which comes through our 
Readers Services is square, and may 
be made round with the aid of a jig- 
saw before any components are fitted. 
The circuit board underneath Cg and 
C; has to be cut out to give these ca- 
pacitors a recessed mounting. 

After the sawing work, start the 
electronic construction by fitting the 
wire links. Next, all parts may be 
mounted. Because the clockwork will 
have to be as flat as possible, it is nec- 
essary to mount the LEDs close to the 
board surface. Also use miniature ce- 
ramic decoupling capacitors. If you are 
confident about your soldering skills, 
you may fit the ICs without sockets. 

The clock will start to work the mo- 
ment the 9-V transformer is connected 
to terminal block K]. 

Assuming that the clockwork is 
hung up with K, down and push-but- 
ton 5; up, the first green LED to light 
will be D;. The time indicated is then 
three o'clock. Every time S, is pressed, 
the clock is advanced five minutes. 

The finishing touches to the clock 
depend on your own creativity. For in- 
stance, the dial may be covered by a 


z L} 2 Years $80 
Remittances in US funds drawn on a US bank only. 


EXP. DATE 


ZP 





round bezel, which partly obscures the 


components, but leaves the active 
LEDs clearly visible. Alternatively, a 
piece of perspex leaves 'the works' in 





To find out more about the ASA, 
please write to Advertising Standards 
Authority, Dept. X, Brook House, 
Torrington Place, London WCTE 7HN. 


**58969299$9$9*055*99»9*5$*9*9 


This space Is donated in the Interests of high standards in advertisements. 





sight. And that, arguably, will be the 
best option for the true electronics en- 
thusiast. (930024) 
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This article, apart from giving some insight into the cause of 
errors that can occur in a PC, presents a power-on self-test 
(P.O.S.T.) card which provides a number of powerful hardware 


fault tracing utilities. 








Design by M. Rathjen 


SING a PC is one thing, getting it 

to work again after a major crash 
is another kettle of fish. What do you 
do if the machine fails to boot all of a 
sudden, and only produces a couple of 
short beeps at power-on? That will typ- 
ically happen when the guarantee pe- 
riod has just expired, and you are hard 
pressed to get a report out by the 
deadline. 

As of the IBM PC/AT, an 80286- 
based PC introduced in 1983, every 
PC, be it a 386, 486 or Pentium type, 
has a built-in power-on self test func- 
tion (P.O.S.T.. In most PCs, the 
power-up booting sequence is per- 
formed in steps, leaving certain codes 
at port address 80H. The meaning of 
this 'diagnostic code may be found in 





a list which is supplied (rarely, though) 
by the manufacturer of the BIOS (basic 
input output system) ROMs in the PC. 
Although P.O.S.T. codes are not in- 
tended for the end user, they do pro- 
vide useful information on what goes 
wrong in a faulty PC during the crucial 
boot-up phase. After all, if the machine 
does not get past the self-testing 
phase, you will be unable to load and 
run special diagnostic programs from 
disk. 

The half-length 8-bit insertion card 
described here captures and indicates 
the P.O.S.T. code on a pair of 7-seg- 
ment displays. It may be configured to 
read other port addresses as well, and 
also gives a present/absent indication 
of the PC's four power supply voltages. 





Card address: user selectable, 
s .. 80H, 84H, 90H, 


Ds . 


— T-segment LED 
.. 8-bit, ISA, through- 
plated 





General points 


Immediately after the PC is switched 
on, some pretty rigorous testing is 
done on the internal hardware. The 
BIOS integrates a number of routines 
which check out nearly everything in- 
side the PC, from the memory to the 
interrupt (IRQ) routines. Before each 
test, the BIOS sends the correspond- 
ing P.O.S.T. code to the diagnostic 
port. If the PC remains ‘stuck’ in a cer- 
tain test routine, the associated 
P.O.S.T. code will remain on the dis- 
play, allowing you to start thinking 
about a possible cause of the problem. 

Let us take an example: an AT/386 
machine fitted with an AMI BIOS v. 
2.21 crashes at P.O.S.T. code 27H. 
According to the information in 
Table 1 (overleaf) this code means that 
an error has occurred in the 64-Kbyte 
base memory test. Quite likely, the 
fault is in one of the memory chips, or 
in a SIPP or SIMM module. 

The appendices with this article 
show the P.O.S.T. codes for a number 
of popular BIOS ROMs. Unfortunately, 
owing to space restrictions, the infor- 
mation is not exhaustive. If your PC 
has a BIOS which is not listed, contact 
the manufacturer to obtain a copy of 
the P.O.S.T. code set. 


The electronics 


In view of the simplicity of the P.O.S.T. 
insertion card, a block diagram is not 
given. So, let us move on straight away 
to the circuit diagram, which is pre- 
sented in Fig. 1. A pair of GALs 
(generic array logic) simplifies the cir- 
cuit considerably because these ICs 
contain a fair number of logic circuits. 
GAL IC, functions as the card address 
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CLK 







0 
1 
2 
3 
4 
5 
6 
7 
8 
9 





74HCT4040 























f 
/ 
4 
7 
4 
4 
4 
f 
f 
4 
4 
4 
4 
4 
YA 
^ 
IBM A G 
p----34 7 
i I h 
IORD DO | E] 9 DO C 
I 4 
ose — bt | C+ 8 TP 74HCT273 
CLK D2 | co ef 
6 BY 
ALE 03 ! [—3 ? 
IRQ2 pa | oo 
IRQ3 D5 i C] 4 = A 
iRQ4 be ! Pp} 3 — 59/7] 
! D7 A 
IRQ5 D7 i = 1] 2 A 
1 L] 
IRQ6 | 7 
IRQ7 AO i m 31 Z 
! MEMRD A1 | C22 7 
IMEMWR A2 — 29 A 
+ DRQ1 A3 i ERE 28 / 
| i 27 / 
M 26 Z 
RQ3 AS i C 
DACKO A6 | EA 25 C 
DACK1 AT es ee y 
4 23 4 R9 + see text 
DACK2 A8 — C 
DACK3 A9 ! CZ 22 7 N 
TIC A10 | [—31- ?! C E 
Alt cH 20 7 
+12V A12 | + i. 7 
45V A13 | O. 18 Z 
45V A14 p 7 5V 
me A15 ! CO 15 G 
| i 15 
A16 , CZ. 
1 
id A17: O Ge) (20) 
i 12 IC2 IC3 
5V A19 (LE UK 
I ! T G 100n 60) 100n 
12V ! 5 © 
AEN | 222] 
RESET  CHCK | — 


n I 
IOWR . CHRDY COR 


U [ 
L----23 





950008 - 11 


Fig. 1. Circuit diagram of the P.O.S.T. diagnostic card. Simple and effective as a stethoscope! The use of two GALs results in a remarkably low 
component count. 


decoder. It also reads the address set 
on a 5-way DIP switch. This is neces- 
sary because PC manufacturers unfor- 
tunately have not agreed on a 
standard address. The address setting 
will be reverted to further on. The ad- 
vantage of a GAL over the ubiquitous 
'688 address decoder is that it is capa- 
ble of instantaneous address compari- 
son, i.e., not incremental-binary. 

GAL IC, performs Boolean logic 
using address lines AO and A9, plus 
control lines AEN (address enable) and 
IOWR (input/output write) as input 
variables. It also reads the logic levels 
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supplied by DIL switch Sı. The default 
port address setting is 60H (yes, for 
XTs), since that is not listed as one of 
the possibilities in Fig. 1. Remember, 
we are dealing with hexadecimal num- 
bers here. For example, address 300H 
is selected if both A8 and A9 are logic 
high, and all otber address lines, logic 
low (see Table 2). 

The second GAL, IC4, is pro- 
grammed to function as a dual BCD- 
to-7 segment decoder (see Ref. 1), 
turning the output codes supplied by 
octal bistable IC4 (74HCT273) directly 
into drive signals for the LED seg- 


ments. Current limiting is provided by 
a resistor network. Apart from reduc- 
ing the component count, the GAL also 
extends the possibilities of most con- 
ventional BCD-to-7 segment decoders 
by being able to display hexadecimal 
numbers also. The 7-segment LED dis- 
plays are common-cathode types. The 
current flow is, therefore, from the 
positive supply line, via the GAL out- 
puts, current limiting resistors (220 Q) 
and a transistor c-e junction, to 
ground. 

Circuit ICs divides the system clock 
down to a value suitable for multiplex- 





COMPUTERS AND MICROPROCESSORS 


POST Codes - AMI BIOS 2.22 


00 : 
03: 
06: 
09: 
OC : 
OF : 
l2: 
15: 
18: 
1B: 
: 8259 interrupt controller test 
: Memory refresh test 

24 : 
el 
2A: 
2D: 
30 : 
39. 
36: 
39: 
: CPU speed calculation 


1E 
21 


3C 


SF : 
42: 
45: 
48: 
4B : 
4E : 
: Verify LDT instruction 
04 ; 
of 
DA: 
: Verify VERR instruction 


91 


9D 


60 : 
63: 
66: 
69: 
: System memory test 


6C 


6F : 
te 
19: 
78: 
: Copy system BIOS to shadow memory 
TE: 


7B 


81 


A2 


B1 


Table 1. 


Flag test 

Register test 

System hardware initialization 

BIOS ROM checksum 

Page register test 

0254 timer test 

Memory refresh initialization 

8237 DMA controller test 

8237 DMA initialization 

8259 interrupt controller initialization 


Base 64K address test 

Base 64K memory test 

8/42 keyboard self test 
MC146818 CMOS test 

Start first protected mode test 
Memory sizing test 

First protected mode test 

First protected mode test failed 


Read 8742 hardware switches 
Initialize interrupt vector area 
Verify CMOS configuration 

Test and initialize video system 
Unexpected interrupt test 

Start Second protected mode test 


Verify TR instruction 
Verify LSL instruction 
Verify LAR instruction 


Adress line 20 Test 
Unexpected exception test 
Start third protected mode test 
Address line test 


Shadow memory test 

Extended memory test 

Verify memory configuration 

Display configuration error messages 


8254 clock test 


: MC146818 real time clock test 
84: 
87: 
GA : 
8D : 
90 : 
93: 
96 : 
99 : 
9C : 
OF : 


Keyboard test 

Determine keyboard type 

Stuck key test 

Initialize hardware interrupt vector 
Math coprocessor test 

Determine COM ports available 
Determine LPT ports available 
Initialize BIOS data area 
Fixed/Floppy controller test 
Floppy disk test 


: Fixed disk test 
AS: 
AB: 
AE: 
AF: 


External ROM scan 
system key lock test 

F1 error message test 
System boot initialization 


: Interrupt 19 boot loader 





POST codes for version 2.2 of the 
BIOS supplied by American Megatrends Inc. 


Address line A9 A8 AT A6 


512 256 128 64 


Hexadecimal 200 100 80 40 





Table 2. Card address selection. Example: using address lines A8 and A9 selects address 
300H (100H + 200H = 300H). 





E 00 B b 0000656000 9 
9 g 


o 
800898 Dea 






E 








Fig. 2. Track layout (direct reading) and component mounting plan of the P.O.S.T. diagnostic 
insertion card. The upper part (display) may be cut off and fitted separately at an angle of 45°. 
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ing the displays. Both GALs used in 
this circuit are supplied ready-pro- 
grammed through our Readers 
Services. 

The four LEDs in the circuit indi- 
cate the presence of the following sup- 
ply voltages (LEDs left to right on the 
board): 45 V, +12 V, -12 V, + 12V. It 
should be noted that these LEDs 
merely provide a yes/no indication 
about the presence of the relevant sup- 
ply voltage — they do not provide infor- 
mation on the exact levels. If you seek 
assurance, use your multimeter to es- 
iablish the exact voltage levels. 

As already mentioned, the DIP 
switch allows you to set the port ad- 
dress required for your specific brand 
of computer. Consult Table 3 for the 
setting you need. 


Build a P.O.S.T.card 


The card can be built successfully by 
anyone who works accurately, and 
uses the printed circuit board supplied 
ihrough our Readers Services. The art- 
work of this printed circuit board is 
given in Fig. 2. The board may be cut 
into two to separate the control section 
from the display section. Depending on 
your specific application, you may also 
leave it intact, however. 

As usual, start the construction by 
fitting the low-profile passive parts, re- 
sistors and capacitors. Proceed with 


continued on p. 64 


COMPONENTS LIST 


Resistors: 

RR = 1kQ5 

R3;R4 = 4709 

Rs-Reg; Rag; R49 = 10k 
Río R45 = 2200 


Capacitors: 
C4 -C4 = 100nF 


Semiconductors: 

D4-D, = LED, red, 3mm dia. 

Ds;Ds = BAT85 

Tyl = BC547B 

IC1 = GAL20V8 (order code 946639-1, 
see page 78) 

IC; = 74HCT4040 

IC3 = 74HCT273 

IC, = GAL22V10 (order code 946639-2, 
see page 78) 

LD+:LD> = HD11070 (Siemens) 


Miscellaneous: 

Sı = 5-way DIP switch. 

Printed circuit board plus 2 pro- 
grammed GALs, set order code 
950008-C (see page 78). 
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ana 16-bit 
Diagnostic Card (model 


Micro- Toolkit RE RU ee | e 
This kit, manufactured by2 2000 Micro Diagnostics, and supplied via Industr 
Computer Source, | a | | A 


alea has. its own 





P.O.S.T. DIAGNOSTIC CARD 61 


PC DIAGNOSTIC HARDWARE 


Market research for 8- and 16-bit PC diagnostic cards shows that there are 
relatively few products available. On being approached for photographs and 
descriptions of their products, only one manufacturer of P.O.S.T. diagnostic 
cards, Industrial Computer Source’, responded positively. Three of their products 
are briefly described. 


Diagnostic P.O.S.T. Board (model R.A.C.E.R. I) 
This card enables the cause of faults on any PC motherboard, from 8088 to. 






de e iz owe wb dm d VU K Sy mode e om Ay OR E 


eee 4 


PHD16) 

This is an even more 
powerful card than the 
R.A.C.E.R. The PHD16 
runs a large number of 
tests in a wide range of 
hardware sub-sections, 
including DMA (direct 
memory access) and IRO 
(interrupt request). Thanks to the intelligent electronics on this card, it uses only 
a small number of functions of the system under test. Consequently, the Board: iS 
able to incmte faults e on T which look absolutely SENE | EID 


Pai N 


saa ERREUR TETE REMOTES ET EDO SOD VAR 


46M N M OY O 








contains a diagnostic 
program called 'Micro- - E 
Scope', a P.O.S.T. 
diagnostic card, and a 
P.O.S.T. probe. Armed 
with these powerful tools 
you should be able to 
trace and eliminate any 
malfunction ona PC 
motherboard. Extremely 
effective, the kit even 
allows low-level 
formatting of hard disks 
(including IDE types). It 





The following POST diagnostic cards are salso available, nari natal œ no- o 
product descriptions were received from the relevant manufacturers: 
the V-ATE Plus from Vista Microsystems, Inc. 


the POST Code Display from JDE Microdevices. 


1 industrial Computer Source, European Headquarters, Z.A. de Courtaboeuf, 16 Avenue du 
Quebec, B.P. 712, F-91961 Les Ulis Cedex, France. Tel. (433) 1 69.07.28.22, Fax (433) 1 64.46.40.42. 
UK readers please contact Industrial Computer Source (UK) Ltd., Birdham Road, Chichester, W. 
Sussex PO20 7EQ, England. Tel. (01243) 533900, fax (01243) 532949. 

2 Micro 2000, Inc. 1100 East Broadway, Suite 301, Glendale, CA 91205, U.S.A. Tel. (41) 818/547- 
0125 or. (+1) 800 864-8008, fax («14 818/547-0397. 

UK readers please contact Micro 2000 Europe, P.O. Box 2000, Letchworth, Herts SG6 TUT, Tel. 
(0462) 483483, fax (0462) 481484, 































MAINS IONIZER KIT. Very useful 
kit that increases the flow of negative 
tons, helps clear cigarette smoke, dust, 
pollen etc. Helps reduce stress and 
respiratory problems. £15. kit, £20 
built. 

COMBINATION LOCK. Electronic 
9 key combination lock suitable for 
alarms, cars, houses etc, easily program- 
mable. Includes mains 2Arelay o/p. 9v 
operation. £10 kit, £14 built. 
VARIABLE POWER SUPPLY. 
Stabiized, short circuit protected. Gives 
3-30v DC at 2.5A, ideal for workshop 
or laboratory. £14 kit,£18 built. 24V AC 
required. 

LEAD ACID CHARGER. Two auto- 
matic charging rates(fast and slow), 
visual indication of battery state. Ideal 
for alarm systems,emergency lighting, 
battery projects etc. £12 kit,£16 built. 
PHONE LINE RECORDER. Device 
that connects to the ‘phone line and 
activates a cassette recorder when the 
handset is lifted. Ideal for recording 
‘phone conversations etc!. £8 kit, £12 
built. 

ROBOT VOICE. Tums your voice 
into a robot voice! answer the phone 
with a different voice!. £9 kit, £13 
built. 

PHONE BUG DETECTOR. This de- 
vice will wam you if somebody is 
eavesdropping on your 'phone line. £6 
kit £9 built. 

PHONE BUG. Small bug powered by 
thetelephoneline. Only transmits when 
the phone is used. Popular surveil- 
lance product. £8 kit, £12 built. 


Please mention ELEKTOR ELECTRONICS when contacting advertisers 


EXPRESS COMPONENTS 


STROBE LIGHT. Bright strobe light 
with an adjustable frequency of 1-60hz. 
(a lot faster ihan conventional strobes!) 
£16 kit, £20 built. 

4W FM TRANSMITTER. 3 RF stages, 
audio preamp. 12-18VDC. Medium 
powered bug £20 kit, £28 buili. 

3 CHANNEL LIGHT CHASER. 3x 
800w output, speed and direction con- 
trols, can be used with 12 led's (sup- 
plied) or TRIACS for mains lights (also 
supplied). 9-15v DC. £17 kit, £23 built. 
25W FM TRANSMITTER. 4 stage, a 
preamp will be required. (Our preamp 
below is suitable) £79 built.(no kits). 
SOUND EFFECTS GENERATOR. 
Produces any thing from bird chips to 
sirens! add sounds to all sorts of things 
£9 kit £13 built. 

FM/AM SCANNER. Well not 
quite, youhaveto turn the knob yourself 
but you will hear things on this radio 
(even TV) that you would not hear on 
an ordinary radio! A receiver that cov- 
ers 50-160MHZ both AM and FM. Built 
in 5w amplifier. £15 kit, £20 built. 
CAR ALARM SYSTEM. Works on 
vibration and/or voltage drop from door 
etc being opened. Entry and exit delays 
plus adjustable alarm duration.Low cost 
protection! £12 kit, £16 built. 

15W FM TRANSMITTER. 4 stage, 
high power bug. Y ou will need a preamp 
for this (see our preamp below which is 
ok) £69 built. (no kits). 

1W FM TRANSMITTER. 2 stage in- 
cluding preamp and mic. Good general 
purpose bug. 8-30VDC. 
£12 kit, £16 built. 
















































BULK PACKS 














PREAMP MIXER. 3 channel input, 
independent level and tone controls. 
Ideal for use with the hi power FM 
transmitters. £15 kit, £19 built. 
TREMBLER ALARM. Designed for 
bikes etc, adjustable sensitivity, preset 
alarm time, auto reset. Could be adapted 
for all sorts of “borrowable" things £12 
kit, £16 built. 

ULTRASONIC RADAR. A project 
that canbe used as amovement detector 
in an enclosed space. Range about 10 
metres, 122vDC. Good basis for 
car,shed,caravan alarm etc.£14 kit, £19 
built. 

PIIONE CALL RELAY. Very useful 
kit that incorporates a relay that oper- 
ates when the phone rings. Can be used 
io operate more bells, signalling lights 













you have your headphones on! £10 kit, 
£14 built. 

PORTABLE ALARM SYSTEM. 
Small 9v alarm system based on a mer- 
cury switch. The alarm contitues to 
sound until disabled by the. owner. 
Buzzer included. £11 kit £15 built. 
800W MUSIC TO LIGHT EFFECT. 
Add rhythm to your music with this 
simplesound to light kit. £8 kit, £12 
built. 

MOSQUITO REPELLER. Modem 
way to keep the midges away! Runs for 








etc. Good for noisy enviroments or if 





about a month on one 
1.5v battery. Frequency is 
set to drive away mosquitos etc. £7 kit, 
£11 built. 
3 CHANNEL SOUND TO LIGHT. 
Can be used any where as no connection 
is made to hi fi. Separate sensitivity 
controls for each channel, 
1,200W powerhandling. Microphone’ 
included. £14 kit, £19 built. 
MINI METAL DETECTOR. Detects 
pipes, wires etc up to 20cm deep. Use- 
ful before you drill those holes! £8 kit, 
£12 built. 
0.5 MINUTE TIMER. Simple time 
switch adjustable from 0-5 mins,will 
switch 2A mains load. 12v op. Ideal for 
laboratory, photographic projects etc. 
£7 kit, £11 built. 
7 WATT HI Fi AMPLIFIER. Useful, 
powerful amplifier 20hz-15hz, 12- 
18vdc. Good for intercoms, audio sys- 
tems, car etc. £7 kit £11 built. 
INCAR SOUND TO LIGHT. Put 
some atmosphere in your car with this 
kit. Each channel has 6 led's that create 
a beautiful lighting effect! £10 kit, £14 
built. 
VOX SWITCH. This is a sound acti- 
vated switch, ideal for use on transmit- 
ters, CB's, tape recorders etc. Adjust- 
able sensitivity, built in delay. Mic in- 
put. £7 kit, £11 built. 


























































S0 LC's for £1.50 
Nice mix of chips at a bargain price! 


CERAMIC CAPACITOR PACK 
Good mixed pack of 100 capacitors 
for just £1.00 


ELECTROLYTIC PACK 1 
100 small mixed electrolytic 
capacitors just £1.00 
ELECTROLYTIC PACK 2 
50 larger electrolytic mixed 
capacitors 


RESISTOR PACK NO 1 
250 low wattage resistors, ideal for 
most projects etc. Just £1.00 


RESISTOR PACK NO2 
Hi wattage pack, good selection of 
mixed wattages and values 50 in all, 
bargain price just £1:00 


PRESET PACK 
Nice selection of 25 mixed preset 
pots for just another £1! 


RELAY PACK NO 1 
6 mixed relays for £1, thats just 17p 
each. 


CONNECTOR PACK 
10 different connectors, again for £1 


FUSE PACK NO 1 
40 mixed 20mm fuses, ideal for 
repairs etc, or just to stock up the 
spares box! Just £1.00 


LOGUE WITI EVERY ORDER!! 





FUSE PACK NO2 
30 mixed 1.25" fuses again ideal for 
spares etc. Just £1.00 
















WIRE PACK 
25 Metres of insulated wire for just 
£1.00, good for projects etc. 








SLEEVING PACK 
100 assorted pieces of sleeving for 
connectors etc. Yours for just £1.00 














DIODE PACK 
100 assorted diodes for just £1.00 












LED PACK 
20 light emitting diodes for £1.00 










TRANSISTOR PACK 
50 mixed transistors, another bargain 
at £1.00 









BUZZER PACK 
10 things that make a noise for just 
£1.00! 











POT PACK 
10 pots for £1, (5 different types) a 
snip at £1.00 












DISPLAYS 
10 seven segment displays for 
£1.00 


















ORDER 10 PACKS OR MORE 
AND CHOOSE ONE FREE 
PACKI! 

FREE COMPONENT CATA- 


















KITS 'N MODULES 


LIQUID LEVEL DETECTOR. 
Useful item, can be used to detect 
fluid levels in watertanks, baths, ponds 
fishtanks etc. Could also be used as rain 
alarm with an easily constructed sen- 
sor. £5 kit, £9 built. 

FM TRANSMITTER. Mini FM trans- 
mitter 2 transistor, comes with FET 
minature mic and is tuneable from 63 to 
130MHZ. £7 kit, £11 built. 
FUNCTION GENERATOR. Gener- 
ales sinusoidal, saw tooth and square 
waveforms from 20hz upto 20khz. Sepa- 
rate level controls for each wavefonn. 
24vac. £15 kit, £20 built. 

S WATT SIREN. Powerful siren kit 
with an impressive 5 watts output. Ideal 
for alarms etc. £6 kit £10 built. 
TELEPHONE AMPLIFIER. Very 
sensitive amplifier which using a'phone 
pickup coil (supplied) will let you fol- 


How to place your order 


By phone.......... 0273 771156 
By FAX... 0273 206875 
By Post...PO box 517 Hove Sussex BN3 5QZ 


Payment by ACCESS, VISA, CHEQUE OR POSTAL ORDER. 

Cheques and postal orders should be payable to Express Components. 
ALL PRICES ARE SUBJECT TO 99p POST AND VAT. Some of our products 
may be unlicensable for use in the UK (particularly the FM transmitters.) 
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low a telephone conversation without 
holding the handset to your ear! £11 kit 
£15 built. 














SWITCH PACK 


10 switches for just £1.00 










12v FLOURESCENT. A useful kit that 
will enable youto light large flourescent 
tubes from your car battery etc. 9v mains 
transformer required. £8 kit, £12 built. 












KNOB PACK 


10 knobs for just. £1.00 








REMEMBER! YOUR FREE COPY 

OF OUR CUT PRICE COMPO- 
NENTS CATALOGUE SENT 

WITH EVERY ORDER!!! 



















«64 K K £ & + 








Please mention ELEKTOR ELECTRONICS when contacting advertisers 









WINTER 1994/5 
CATALOGU 





Cordless IR^ 
| Headphones 


iptester Pes 


eoe aei 
Bo 
O CORR 


Ya 


[7 
pne rae 187 


d 


The Winter 94/95 edition has 280 pages packed 
with over 4000 products and now with news and 
features including two full construction projects 


» New additions to Cirkits’ unique range of kits, including: 
Infra-red Remote Control System 
Combustible Gas Detector 
Mains Carrier Audio Link 
Mains Carrier Remote Control 
Electrical Appliance Watt Meter 
Breath Tester 
TV Audio/Video Tuner 


?» Two feature projects, fully detailed articles for Hi-Fi 
quality Infra-red Cordless Headphones and ‘Chiptester’ 
a logic IC tester with full PC software, with full 
construction kits available for both 


Z Many more additions throughout the catalogue 
including mobile phone batteries and chargers, low cost 
thermometers, timers, ICs, LEDs, test equipment, 
books, opto couplers and much more 


» 280 pages, 26 sections, over 4000 products from some 
of the worlds finest manufactures and suppliers 


*" Available from 20th October at most large newsagents 
or direct from Cirkit 


> Send for your copy today! 


Cirkit Distribution Ltd 


Park Lane : Broxbourne : Hertfordshire - EN10 7NQ 
Telephone (0992) 448899 - Fax (0992) 471314 





ELEKTOR ELECTRONICS JANUARY 1995 











@ The BASIC Stamp by PARALLAX is a true microcomputer that runs 
BASIC programmes written on your PC. Its size, ease of use and extensive 
1/0 features make it an ideal tool for both educational and industrial 
applications, as well as the serious hobbyist. 





@ Writing programmes for the Stamp is easy. A 3-pin cable connects 
the Stamp to your PC's parallel port. One piece of software is all that is 
used to enter, debug and download your programme. BASIC functions 
include serial communications, pulse measurement, button de-bounce, 
tone generation and PWM; all achieved with a minimum of extra 
components - if any at all. 


>> The BASIC Stamp Development Kit at £99 includes: 
| BASIC Stamp, a very readable instruction manual, 
PC connection cable, software and extensive application notes 
to get you up and running in minutes! 


» Further Stamps cost only £33 cach. 
(All prices excl VAT and £3 postage per order.) 





Bl For an information pack on the BASIC Stamp and other creative 
products please call our 24-hour answerphone on 0977 683665. 


MILFORD INSTRUMENTS 


24 hr Answerphone - 0977 683665 
Milford House, 120 High Street, South Milford, LEEDS LS25 5AQ 
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PC DIAGNOSTIC SOFTWARE 


It will be clear that the programs mentioned here are only useful if the essential hardware of the PC is functional. This goes 
for commercially available programs such as Checkit, Checkit Analyst and QuickTech Pro, as well as those in the shareware 
domain. So, hardware debugging goes logically before running any of the programs mentioned in this inset. 














i Checklt-Pro diagnostic software is typical of its class. The program ensures 

a direct access to the most essential (i.e., critical) functions of the system, using 
! rigorous tests on the CPU, all types of memory, internal as well as external 

| cache devices, video, RAM, etc. It also scrutinizes each and every peripheral 

@ device (plug-in cards) connected to the motherboard, including parallel and 

serial ports, the keyboard, video cards, hard disk, and others. | 


3.31 
AMI 08/08/93 
80486 AT Machine (AZO Active) (Protected) 
Not Present 
640K Posilshie: BÉIR 
7168K nyiapke. OK 
: No EMS driver installed 
- UGA 
[1019/5]: 
Drive 9 (C: 
A:1.44M(3%), 
za: CMOS Clock 
HEBR EPA 
CUM1-3F8h, COMA4-2EB8h 


: 01109 
256/512K 
) = IC Fiu 


LEE E l Checkit Analyst was also examined as part of the research carried out for 


his article. The program can be run on DOS, Windows or OS/2 platforms. 
Great performance if you are after elusive faults in, say, the realms 
of IRO, memory or input output addresses. 





Troubleshooter also runs extremely intricate tests on all system 
components, from CPU to peripherals and, of course, the memory 
(which for some reason seems to be the most troublesome area). It 
even does a quick test on a CD-ROM player (hard to imagine, 
though, with, say, a PC/XT clone) and a sound card, if installed. 


Taierea: rnnt s Lorem peste rt ie) 
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(Intel 5945687. 33 Mie 
i 9$ MB Memery 
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Surprisingly, there is a program which most of you will have but 
appears to be little known. MSD, MicroSoft Diagnostic, is included 
in your Windows 3.1 (and later) package, and can be found in the 
Windows subdirectory. It should be noted, however, that the first 
aim of MSD is to establish exact system configurations, rather than 
assisting in locating hardware faults. 


Base 
Frea:: HBD K 





Detail — 





we} 0040-0046] | 
i | 0050 DOGR 


| | [070-0240 


Programs 
Available 

<not installed? 
LI ESA Graphics. 







AHA 1542A (SCSI) * 
iAHA 154714 [SCSI] : 
CNI AT2 (FSDI) 
Copy II PC Deluxe 
i {OF 100 Ethernet 
IDE-200 tor PC AT. 








i Meretes: L 


DMA Channel: [| 
Alternates: 















Copyright (C) 1993 cALMER Utilities (tm) 
<Esc> exits this program 


System Info Plus Ver 3.21 
Line: 2 Column: 1 Erin Screen» for printout, 


Uer 3.21 | Machine, . 
` Copyright (C) 1993 CALMER Utilities (tm) 


<Esc> exits this program 


System Info Plus 


System Info Plus Ver 3.21 
: 20 Column: 1 „Print Screen> for printout, 


: PC/AT Computer 
System İnfo Plus Ver 3.21 


rdware 


sisten PO a 


MS DOS Uerj- Software 


Copyright (C1 1993 cALMER Utilities (tm) 


SYS" 


Central I 
Machine : 
GDT conte 
IDT conte 
Calculate 
Math Co--] 
Math Co] 


Mouse 
Mouse 
Mouse 
Mouse 
Mouse 
Mouse 


Dev Line: 


But 
Buf 
Dri 


HTE 
Intg 
Mouse- EGA 
Equipment 
Floppy dis 
hard disks 
DOS report 
1 Paralle 
Time-out 


162 Colum: 1 


Drive C Disk Class 


Drive C is 
Disk Type 


Disk Serial Number 
Original Label 


Disk formatted 
Systems 
Second Systems 
Systems 
Number of Disk 


First 


Third 


under 
File 
File 
File 
heads 


Reserved Sectors 


<Print Screen> for printout, 


: Hard Disk 
: NOT removable and is NOT a Network device 
: Fixea disk 
: 1DAF-?DCS 


: MSDOS5.0 ; 


MSDUS.3YS 


Disk is bootable 
10,5YS 


Number of Sectors 
8 Bytes per Sector 


<Esc> exits this program 


30 Sep 93 06:20:00 40,566b 
G 30 Sep K 06:20:00 38,138b 
: C:\NDOS\COMMAND .COM 30 Sep 93 06:20:00 54,619b 

1 478, 


128 
512 


»xX mmc so Porc Z GR EO D E E 
, "E 


PC -CONF | 
(c) 198: 


- Benchmark 
- CD-Benchr 
- Programs 
- Devices 

- Info 


Compare 


~ Chips-Inf 
Mem- Timin 


~ IRS 
~ Drives 


Restart 
- Exit 


Hardware 


Software 
Benchmark 


~ CD-Benchmark 
- Programs 

- Devices 

- Info 

- Compare 


Chips-Infa 
Mem-Timing 


astd 
used 


Z used 
3 free 


used 


5 free 


used 
free 


Name 
Timer 
Keyboard 
2nd 8259 
COM2 
COM 
LPTZ 


Floppy Disk 


LPTI 


Address 


ZC : DC Z 0) 
:0800 
30:0057 
3: 906F 
"OF : 1188 
: GoOSF 
: 00B 7? 
:O6F4 


(FREE) 
(FREE) 


(FREE) 
(FREE) 


SC p mra T OC- ZISE 


1: 0652 
:01C4 
3:00CF 

: OGE? 
30:00FF 

: 3094 
B?30:0117 
F000:FF53 


(FREE) ; 
MSDOS. SYS 
(FREE) 
(FREE) 
(FREE) 
(FREE) 
(FREE) 


- IRQs 

- Drives 

- Bestart 
z- Exit 

- Notes 


System rt ~ Notes clockycalender 
redirected — IRQZ 
available 
available 
available 

NPU 

Hard Disk 


available 


free 
J used 
free 
free 
2 free 
used 
used 
5 free 


J Serial H| Sectors per Track i 51 | Sectors per Fat 234 
| | Time out Number of Tracks : 3,375 Bytes per Cluster , 096 pads 
"EU Sectors per Cluster ; B | FreevClusters : „130 ene 
Baud rate [| Total Clusters 59,766 | Number of Fats Z 
Data bits || max. Files in root Capacity (bytes) „536 

Bytes Free : 180,756,480 First Data Sector 501 

Root Dir starts e Sec 469 sectors occupied : 32 

Hidden Seetors : 51 


Michael 


PC-CONFIG U?.2 
(c) 1989-54 
Michael 


512 


1989-94 by 
i eg à: icheel E Holin 
(Info file = E:NTESTINSIPLUS.REP) eee cd 


—— CCR = 100% 





Among the best known diagnostic programs in the shareware domain are S.l. Plus v3.21 (SIPLU321.ZIP) and 
Configuration v7.27e (CONF727E.ZIP), which can found on numerous bulletin boards. The reports created by these 
programs. are very useful if you need to locate and eliminate possible problem sources. 


Snooper, _the System. checker; version 32-30 Copyright — 1303- 34 John Vias 


n 
me Benchmarks 

H 
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AHD DAZ hh, UBRI 156.7 
C 25 MIS, 75 TOU, 


Miz throughput 

Aea 156 173 VAG C) 
Sead x16 Spee ee Port Address 

Baud Rate 

Parity 

Data Bits 

Stop Bits 

Carrier Detect (CD) 

Ring Indicator (RI) 

Data Set Ready (DSR) 

Clear To Send (CTS) 

UART Chip Used 





BA Borsec throughput 
ROO 1000 1200 1400 i600 1500 2000 
EON uns $ j à 


400 


$ t 
& 0 














A Message: 


26:03pm 
AILt-Pr ini 


1994, 
lek 2 test 


at 10: 
Alt - io 


Snooper rd Friday, November 11, 
VAN: Tat Disk î tant 





Finally, the familiar Norton Utilities and PCTools packages are not discussed in detail here because their system 
diagnosis utilities form only a small part of a much wider range of sub-programs and menus. After ali, most of the 
functions offered by these programs come under the header of disk organization and efficient file management. 
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inserting the ICs into their sockets, 
taking care to observe the proper ori- 
entation. Also be sure to fit the right 
GAL into the right socket — these de- 
vices do not have the same function! 
The board is not fitted with the usual 
support bracket at the rear side be- 
cause it is not intended to remain per- 
manently inside the PC. 


Testing the test card 


The completed card is first inserted 
into one of the free slots of a functional 
PC. Next, run the Pascal program 
listed in Fig. 4. It is recommended to 
use the card at base address 300H, 
which, according to the IBM PC speci- 
fication, is reserved for experimenting. 
This address is selected by closing 
only S;, on the DIP switch block. The 
card is functional if the compiled pro- 
gram produces an incrementing num- 
ber on the LED display and the PC 
screen every time you press CR. Note, 
however, that the LED display readout 
is hexadecimal, while the numbers on 
the PC screen are in decimal. 

If the P.O.S.T. card does not pass 
this test, you have probably made a 
construction error. Start by verifying 
the presence of a clock signal at pin 11 
of latch IC. If this signal is present, 
check the latch outputs, which should 
supply copies of the latch input sig- 
nals. If this test also checks out, the 
only likely cause of the malfunction 
that remains is either GAL IC4 or one 
of the 7-segment LED displays. 


In case of trouble... 


The P.O.S.T. code display card de- 
scribed here does not pretend to be a 
replacement of much more powerful 
PC diagnostic cards available commer- 
cially. Rather, its function is that of an 
auxiliary tool. None the less, the pre- 
sent card is extremely valuable if you 
wish to bring back life to. say, an old 
286 motherboard which does not even 
produce error beeps on being powered. 
As already mentioned, the aim is to get 
past the initial test routines (P.O.5.T. 
mortem!), and make sure that the rele- 
vant motherboard can load at least the 
DOS again. From there on, you are in a 
position to run hardware/software di- 
agnostic tools such as Norton, CheckIt 
and PCTools. 

The P.O.S.T. code displayed by the 
card supplies a possible cause of the 
problems experienced with either a 
component on the motherboard, a 
memory module, or one of the inser- 
tion cards. If the fault appears to be in 
an extension card, it is relatively sim- 
ple to resolve by a visit to your local 
computer shop and replace the culprit. 
On the other hand, if the problem is at 
level of, say, the DMA or interrupt con- 
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Address 
60H 
80H 
84H 


PC type/brand 

XT (default value) 
AT/386/486/Pentium 
Compaq 

90H 
280H 
Compaq PCs) 


300H EISA bus systems 


PS/2-30 with ISA bus 
Clones (including some 





P.O.S.T. DIAGNOSTIC CARD 


DIP switch S1 
none closed 
Sie closed 
Sia closed 
S4. closed 


Sip closed 
S44 closed 


Table 3. Overview of P.O.S.T. card addresses used in different computer types and brands. 

















Fig. 3. Completed prototype of the P.O.S.T. diagnostic card. Note that this version differs 


slightly from the final design. 


troller, or any other complex ASIC or 
GAL on the motherboard, replacement 
or repair is probably not worth the ef- 
fort, and the motherboard is best 
chucked into the bin after removing 
the RAM and CPU parts. Incidentally, 
replacement motherboards with empty 
CPU sockets may be obtained at very 
low prices these days. Regrettably, 
though, it seems almost impossible to 
obtain spares of the ICs that form the 
so-called chip set (Neat, etc.) on the 
motherboard, while desoldering and 
re-fitting these 'jumbos' is really out of 
the question without very special tools. 

(950008) 


Reference: 
1. Hexadecimal display decoder, 
Elektor Electronics December 1993. 


program testpostcard; 
uses dos, crt; 

const post - $300; 
var 

i : word; 

dummy : 
begin 


for i:z0 to Sff do 
begin 
port [post] : =i; 
writeln (i); 
repeat until keypressed; 
dummy: -readkey; 





Fig. 4. Listing of the test program for the 
P.O.S.T. diagnostic card (Pascal). Change 
the value of constant ‘Post’ as required for 
your specific brand and type of PC. 





se COMPUTERS AND MICROPROCESSORS 
Appendix: PC BIOS P.O.S.T codes 


all trademarks acknowledged. E. & O.E. 
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54: Initialize CHIPSet — 

- 55: Set up BMS configuration. nn 

56: Entering protected mode for first time 

57: Size memory chips 

58: Configure memory chip interleave 

-.89:: Exiting protected mode for first time 

“SA: Determine system board memory size — 

- BB : Relocate shadow RAM | 

5C: Configure EMS 

“50: Set up wait state configuration E 
: Re-test base 64K RAM after RAM sizing 

SF: Test shadow RAM 

“60: CMOS test 


: | Pr Protected mode interrupt test 


:Tes Memory addredd lines 
66: Memory test - 
67: Extended memory test 
68 : Timer interrupt test 
69: Real-time clock (RTC) test 
“GA: Keyboard test 
5 db ad lest 


73 “Pointi api device test 
90 : RAM setup | 
pf: Calculate CPU v 


93: BIOS in initialization AS 

|: POD bootstrap — 

5 : Reset its 
96 : POS select . ! 
97 VGA | poe on vagos and up 


UM: Exception 2 PM POD 

-CO : System board memory failure 

"CA : VO channel check activated - fee 
d Wag time DH ea s 








Of No basana ROMs - 
7 : Read CMOS reset code 
08: intialize 8259, cui 


0A: Vector via 40: 67 reset function . ee 
-OB : Vector via 40:67 with E01 function oak 
3 Boot reset function E 
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uis “Test i timer ro: 


16: Battery has lost power : 
1 ^: Clear ( CMOS D DIAG Di 


Base RAM Test Codes. 
-40 : Save RESETWD value 
41 : Check RAM e 





P.O.S.T. DIAGNOSTIC CARD 






RC End of test for adaptor, clear memory 
- 8D : Error detected on an adaptor 
—^5E: Test the. next adaptor - 















Z Minn Jasi Codes - 
BD: 
EIE 


: Disable RTC interrupts E 
-Check battery power... 


Start memory test 

2 : Start memory sizing 

3: Get CMOS size. 

& + Slant tes test of real ai memory 











Save si size sa real and extended memory - 


6 : Prepare to return to real mode - 
: Back: in real mode - error during test 
t isplay error messages | 

| d of memory test 

Initialize KB OK string 

“BE: Determine size to test 

BF: Start of MEMTEST - 






“initialize 287 coprocessor - 
3 : Test the keyboard and interface | | 
: Reset A20 and set default CPU speed - | ; Display 000CX KB OK 

| “test diskette subsystem | 71: Test each RAM segment - 
$; Test: fixed disk subsystem. | m e 1 High order address test. 
: Initialize parale! pir CECI E pai MEMTEST l 






|: Test for valid syst tem configuration = o o 
1 poscit em o 

eck alid: 7 75:Sarto d protected m mode test | 

: Prepare: to enter meki m mode 
„77: Test software exceptions 

EE Prepare to return to. real mode 

9 : Back in real mode - no error . 
“ZA: Back in real mode - error detected 
TB : Exit protected test ` Es dS 
| High order address test ture. 

| > Entered cache controller test - 

| = Programming memory. cacheabilty - 

JE Copy mes ROM to high RAM | * 


| m And Keyboard Gates 
‘Start of 8042 test 
Do 8042 self test 


: Checkt battery power - : 
= Check for game adapters ; * 





„80: 
S 







p | plns init mode + ue 
): Start leds test, reset gian 








stuck A 





l Tos fo: : 
ph 8B: Test keyboard interface 
8: Got result, check it 


System WA fast Codes p 

art of CMOS test 

. 91: CMOS seems to be ok” 

- 92: Error on CMOS made t test Cds 
Start of DMA Controller test ^— —— 
age registers seem to be. ok. 
DMA controller s dk — 















CA RAM Test Codes 
Ste o NEA RAM test. 


ctive (3F2h bit 2) - 
set inactive (3F2h bit J 


E SF: ‘Al adapters Sirah tested i ie pt zs E 


| Em result, checkit 3 2 : is e E a fe 











Enter protected mode T NE S 


Uptade 128K option installed CMOS bit i "a c 


|: Back in real mode - test ume Bcc a 








8 a7 Initialization | is 5 complete a L a ji p d 


continued on p. 70 
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Telephone or FAX POWERware on 061 449 7101 


JWERware on 061 DEMO 
POWERware, 14 Ley Lane, uickroute 3.0 for Windows 3. DISK 
Marple Bridge, Stockport, DESIGNER £99.00 DESIGNER - £149.00 


PRO £199.00 PRO+ £299.00 H 
SK6 SDD, UK. All prices exclude post & packing, and V.A.T. | Available 
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SURVEILLANCE 





PROFESSIONAL 


QUALITY KITS 


No. 1 for Kits 





Whether your requirement for surveillance equipment is amateur, professional or you are just fascinated by this unique area of 

electronics SUMA DESIGNS has a kit to fit the bill. We have been designing electronic surveillance equipment for over 12 years 
and you can be sure that all our kits are very well tried, tested and proven and come complete with full instructions, circuit- 
diagrams, assembly details and all high quality components including fibreglass PCB. Unless otherwise stated all transmitters : 


are tuneable and can be received on an ordinary VHF FM radio. 


Genuine SUMA kits available only direct from Suma Designs. Beware inferior imitations! 





UTX Uitra-miniature Room Transmitter 


Smallest room transmitter kit in the word! Incredible 10mm x 20mm including mic. 


'3-12V operation. 500m range... Au £16.45 


MTX Micro-miniature Room Transmitter 
Best-selling micro-miniature Room Transmitter 
Just 17mm x 17mm including mic. 3-12V operation. 1000m range..................... £13.45 


STX High-performance Room Transmitter 
Hi performance transmitter with a buffered output stage for greater stability and range. 
Measures 22mm x 22mm including mic. 6-12V operation, 1500m range............. £15.45 


VT500 High-power Room Transmitter 
Powerful 250mW output providing excellent range and performance. Size 20mm x 
40mm. 9-12V operation. 3000m range... £16.45 


VXT Voice Activated Transmitter 
Triggers only when sounds are detected. Very low standby current. Variable sensitivity 
and delay with LED indicator. Size 20mm x 67mm. 9V operation. 1000m range...£19.45 


HVX400 Mains Powered Room Transmitter 
Connects directly to 240V AC supply for long-term monitoring. Size 30mm x 35mm. 
GOR TANGO AA KARIA sa AAMUA AI ARUSI WAKO a a il ai a £19.45 


SCRX Subcarrier Scrambled Room Transmitter 


Scrambled output from this transmitter cannot be monitored without the SCDM decoder 
connected to the receiver. Size 20mm x 67mm. 9V operation. 1000m range............. (22.95 
SCLX Subcarrier Telephone Transmitter 

Connects to telephone line anywhere, requires no batteries. Output scrambled so 
requires SCDM connected to receiver. Size 32mm x 37mm. 1000m range........... £23.95 


SCOM Subcarrier Decoder Unit for SCRX 
Connects to receiver earphone socket and provides decoded audio output to 
headphones. Size 32mm x 70mm. 9-12V operation sss £22.95 


ATR2 Micro Size Telephone Recording interface 

Connects between telephone line (anywhere) and cassette recorder. Switches tape 
automatically as phone is used. All conversations recorded. Size 16mm x 32mm. 
Powered from mp... ETE TEN £13.45 


Ax Specials xxx 


DLTX/DLRX Radio Control Switch 
Remote controi anything around your home or garden, outside lights, alarms, paging 
system etc. System consists of a small VHF transmitter with digital encoder and receiver 
unit with decoder and relay output, momentary or alternate, 8-way dil switches on both 
boards set your own unique security code. TX size 45mm x 45mm. RX size 35mm x 
90mm. Both 9V operation. Range up to 200m. 

Complete System (2 kits) .............. Ac RCL ENT — ——— —— Y £50.95 
individual Transmitter OLTX ............ moe N £19.95 
Individual Receiver DLRX eee £37.95 


MBX-1 Hi-Fi Micro Broadcaster 

Not technically a surveillance device but a great idea! Connects to the headphone output 
of your Hi-Fi, tape or CD and transmits Hi-Fi quality to a nearby radio. Listen to your 
favourite music anywhere around the house, garden, in the bath or in the garage and 
you don't have to put up with the DJ's choice and boring waffle. Size 27mm x 60mm. 
9V opération. 250m ngBe £20.95 





Depr. EE 






SUMA 
DESIGNS 
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UTLX Uitra-miniature Telephone Transmitter 

Smallest telephone transmitter kit available. Incredible size of 10mm x 20mm! 
Connects to line (anywhere) and switches on and off with phone use. 

All conversation transmitted. Powered from line. 500m range........................ £15.95 


TLX700 Micro-miniature Telephone Transmitter 

Best-selling telephone transmitter. Being 20mm x 20mm it is easier to assemble than 
UTLX. Connects to line (anywhere) and switches on and off with phone use. All 
conversations transmitted. Powered from line. 1000m range .....................---.---..- £13.45 


STLX High-performance Telephone Transmitter 

High performance transmitter with buffered output stage providing excellent stability 
and performance. Connects to line (anywhere) and switches on and off with phone use. 
Ali conversations transmitted. Powered from line. Size 22mm x 22mm. 

19007) T £16.45 
TKX900 Signalling/Tracking Transmitter 

Transmits a continous stream of audio pulses with variable tone and rate. Ideal for 
signalling or tracking purposes. High power output giving range up to 3000m. Size 
25mm x 63MM. 9V Operation... £22.95 
CD400 Pocket Bug Detector/Locator 

LED and piezo bleeper pulse slowly, rate of pulse and pitch of tome increase as you 
approach signal. Gain control allows pinpointing of source. Size 45mm x 54mm. 9V 
AE UD oh ose rcd ai ada una 00 tad criti nba lone bee d 0 a ta IE: £30.95 
CD600 Professional Bug Detector/Locator 

Multicolour readout of signal strength with variable rate bleeper and variable sensitivity 
used to detect and locate hidden transmitters. Switch to AUDIO CONFORM mode to 
distinguish between localised bug transmission and normal legitimate signals such as 
pagers, cellular, taxis etc. Size 70mm x 100mm. 9V operation ............................. £50.95 
QTX180 Crystal Controlled Room fransmitter 

Narrow band FM transmitter for the ultimate in privacy. Operates on 180 MHz and 
requires the use of a scanner receiver or our QRX180 kit (see catlogue). Size 20mm x 
67mm. 9V operation. 1000M Tanga... oou asp Oda rat verdi ei a ep cina £40.95 
QLX180 Crystal Cointroiled Telephone Transmitter 

As per QTX180 but connects to telephone line to monitor both sides of conversations. 
20mm x 67mm. 9V operation. 1000m range... £40.95 
052180 Line Powered Crystal Controlled Phone Transmitter 

As per QLX180 but draws power requirements from line. No batteries required. Size 
32mm x 37mm. Range BUD, oe Ds D tie gd a tal CR £35.95 
QRX180 Crystal Controlled FM Recelver 

For monitoring any of the 'Q' range transmitters. High sensitivity unit. All RF section 
supplied as a pre-built and aligned module ready to connect on board so no difficulty 
setting up. Outpt to headphones. 60mm x 75mm. 9V operation ........................... £60.95 


A build-up service is available on all our kits if required. 


UK customers please send cheques, POs or registered cash. Please add 
£1.50 per order for P&P. Goods despatched ASAP allowing for cheque 
clearance. Overseas customers send sterling bank draft and add £5.00 per 
order for shipment. Credit card orders welcomed on 0827 714476. 


OUR LATEST CATALOGUE CONTAINING MANY MORE NEW 
SURVEILLANCE KITS NOW AVAILABLE. SEND TWO FIRST 
CLASS STAMPS OR OVERSEAS SEND TWO IRCS. 


THE WonxksHors, 95 Main ROAD, 
BAXTERLEY. NEAR ATHERSTONE, 
WARWICKSHIRE 


VISITORS STRICTLY BY APPOINTMENT ONLY 


era een ee 


Tel: 0827 714476 
Fax: 0827 714476 


CV9 2LE 











COMPUTERS AND MICROPROCESSORS 


FI : Interrupt test (programming Lian US tem 
-F2 : Exceptional interrupt 
. Fa: Verify 286 LDT/SDT, LTR/STR 
F4 : Verify 286 bound instruction 
*5 : Verify push and pop all intruction 
F6 : Verify access rights function 
-F7 : Verify ARPL functions 
15: Estab L | c o5. ] | F8: Verify LAR function — 
< * Verify CMOS check Su Cn ery ok (ota ok fr riim AE : Verify LSL instruction - 
46: Set data segment. - | | | FA: Low meg chip select test 









-47 Set defective baterry thy ice [i 
18: Ensure CMOS dividers set 
„19: Set return address byte in Mes 
“TA: Set temporary stack M 
E Protected made test and determined memory Size - 


“BC: Boot record read, ump to oot record 


| POST Codes -IBM PS/2 BIOS 
305 Drive error, retry boating. Wa wA 


00 “CPU self test 












cessor test pr OPS 
non ‘routine in 01 : 32 bit CPU register test, setup system imer * 
rotected mode - .02 : System ROM checksum - | 
nemai memory 20: Caus: i MN E | "03: Test system enable/setup port 
EE Return I pe shutdown - S ee -04 : Test system POS register 
2 Initialize and start CRT Cont. (6845) Test videa't UN * p 05: Test Adapter setup port 
- reset video enable signal select alpha mode 0024 d | 06 : Test RTG/CMOS shutdown byte 
. b&w) w/r patterns, check addressability. =. | | 07: Test extended CMOS location 
Error: 4 lo g, 2 short beeps (port 80 not used) M 08 : Test DMA & page register 8 channels 
: jab! ideo signal and set mode, display horizontal | 09 Initialize DMA command & mode registers 
; bar on. screen, CRT lines interface test, sence ON/OFF A : Test refresh 
"TE | . transition of video enable and horizontal  sync lines | OB : Test keyboard controller buffers 
use EGA ROM X a a Js. check for advanced video card | Lt ^d p >: Keyboard controller self test — eer 
EA OM bre |o AA dest = 0o o d  [.0D:Keyboard controller test continuation = 
xs a 8259 ner controller test- Tw mer mask ui QE : Keyboard self test error ii 


1F: Setup system memory configuration 
0 : Test first 512K RAM in real mode 

11: Half system if memory test error 

12: Verify LGDT/SGDR LIDT/SIDT | 

13 : Initialize programmable interrupt controller Ho 

„14: Initialize programmable interrupt controler B. m 

15: Initialize A20 interrup vectors —.— o 

6 : Initialize 16 interrup vectors | | ud m 

|. 17: Check power RTC/CMOS power good a 
18: Check RTC/CMOS checksum | | 
-i9:RTO/CMOSlostpower = um 
1A: Skip memory test in protected mode i fwam i 8 te 
"18: Prepare for shutdown hee 
„10: Setup stack pointer point to the ids of first py E 
10: Decide low memory size ini protected mode | S 
B :: Save memory Size detected 
| 4F: Setup system memory split address ^ — 
„20 : Check for extended memory beyond eam 
-21:test memory address bus lines — 
.22.: Clear parity error and channel check ` 
„23: initialize interrupt 00 — 

-24 : Determine CMOS validity a 
“25; Write keyboard controller command bye 
40: Check valid CMOS and video —- x 
EUM Display e error x code 160- 





ZL | verting logic 1 1064 error 
28: ‘check hot NMI interrupts. (error 107) | M 

:29-: Test data bus to timer 2 (error 108) 

” 8254 timer checkout - MI that ten 0) mu 





“43 Test PIC #1 PIC p registers with another sten a 
: Check for interrupt with don masked . E 

"45 : Test NMI | M 

46 : NMI test error Es 

„47: Test system timer 0 

48; Check stuck Speaker clock - 

49: Testtimer O count 

AA:Testümer20Ufplt AAA 

4 : Check i if timer interrupt occurred ee 
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Please mention Elektor Electronics when contacting advertisers 


H.P. 34564 DVM 61/ digit DC/True RMS AC/Res. HPIB 
WE HAVE THE WIDEST CHOICE OF USED EIP/DANA 3410 Mi, nave Frequency Counter 20-66 18GHz 
OSCILLOSCOPES IN THE COUNTRY H.P. 53414 Frequency Counter 5OMHz - 1.5GHz LED 


MARCONI! 3435 Digitai Frea. Meter 2GHz 
TEKTRONIX 7000 SERIES OSCILLOSCOPES RACAL 1998 Frequency Counter 1.3GHz (Options GPIB & High Stab) .. 
maana AVAILABLE FROM £200 - PLUG-INS SOLD SEPERATELY — | RACAL1991 Universal Counter/Timer 180MHz 9 digit 
TEKTRONIX 2465 4 Ch, 300 MHz Delay Cursors MARCONI 2437 Universal Counter Timer DC - 100MMz 8 digit............... 
MARCONI 24314 Frequency Counter 10Hz-200MHz 8 digit .. 
MARCONI 2430A Frequency Counter 10Hz-BOMHz 8 digit ...................... 
RACAL 9918 Frequency Counter 10Hz-520MH? 9 digit 
RACAL 9913 Frequency Meter 10Hz-80MHz B digit 
RACAL 9901 Universal Counter/Timer DC-50MHz 6 digit .. 
DATRON 10614 - 6.5 digit Autocal Muitimeter true RMS AC/Current .. 
H.P.34904 5 Digit Multimeter AC/DC/Ohms 
H.P.34354 3-/, Digit Multimeter AC/DC/Ohms/Current LED 
PHILLIPS PM2534 Multi Function DMM 3!/ 5! /, digit GPIB/IEEE 
SOLARTRON 7150 8.5-3.5 digit DMM with IEEE 
SOLARTRON 7045 4.5 digit Multimeter Votts/Amps/Ohms 
WAYNE KERR 8905 Automatic Precision Bridge 0.05% eee 
QOULD0S$1100 Dual Trace 30MHz MARCONI TF 2700 Universal Bridge Battery operated 
IWATSU SS5702 Dual Trace 20MHz MARCONI TF 13134 Universal LCR Bridge 0.1% 
GOULD 0S250B Dual Trace 15MHg. HEATHKIT IB RLC Briage 
TRIO CS1568A Dual Trace 20MHz ...... BRADLEY 192 Oscilloscope Calibrator 
H.P. 17414 Dual Trace 100MHz Delay Sweep Analogue Storage WILTRON 500 Scaler Network Analyser with Detectors 
HIS IS JUST A SAMPLE - MANY OTHERS AVAILABLE H.P, 50054 Signature Analyser 
FARNELH30/100 0-30, 0-100Amps Metered 
HEWLETT PACKARD 1740A OSCILLOSCOPES FARNELL TVS70Mk2 70volts 5Amps/35 volts 10 amps Metered 
FARNELLB30/10 30Volts 10Amps variable 
100MHz Dual Trace, Delay Sweep. FARNELLL30E 0-30Volts: 0-0.5Amps Metered... 
For Only MARCONI( WEIR) TF2154 0-30V 14; 0-15V 2A; 0-7.5V 4A Metered 
MARCONI 2018 Synthesized AM/FM Sig Gen 80KHz-520MHz H.P. 65164 0-3KV; 0-6MA Metered 
H.P.8640B Signal Generator 20Hz-1024MHz BRANDENBURG Model 472R PSU «/- 2KV 
H.P. 8620C Sweep Ocillator with 88245A 5.9- 12.4GHz FEEDBACK FG600 0.01Hz - 10OKHz Sine/Sq/Tri 
SYSTRON DONNER 1702 Synth. AM/FM Sig Gen 100Hz - 1GHz .... LYONS PG71N Pulse Gen. PRF 4 Hz - 20MHz 10nSecs 
RACAL 9081 Synthesized AM/FM Sig Gen 5 - 520MHz 
FARNELL 330520 Synthesized AM/FM Sig Gen 10 - 520MHz LINDON LA1 Mk2B Audio Analyser 
MARCONI TF2008 AM/FM Sig Gen 10KHz - 510MHz Sweep Facilit UNAOHM EP501 Audio Analyser 
MARCONI TF2015 AM/FM Sig Gen 10KHz - 510MHz PHILLIPS PM5518 Colour TV Pattern Generator 
MARCONI TF2015 With Synchronizer TF2171 (lock BOX) oo. cece £350 | RADFORD LDO4 Low DISTORTION Ocillator 
PHILLIPS PM5326 AM/FM Sig Gen 100KHz - 110MHz RADFORD LDMS2 Low DISTORTION Measuring Set 
MARCONI TF2002B AM/FM Sig Gen 10KHz - 88MHz with Dig Sync 50 MARCONITF 2163 Attenuator DC-1GHz 
MAR/SANDERS 6600A Mw. Sweep Osc with 6651 Plugin 26.5KHz-40GHz £300 1 MARCONI TF 8938 Audio Power Meter Sinad 
H.P. 8690B Microwave Sweep Osc with 8697A Plug-in 26.5KHz - 40GHz ... £300 H.P, 1630D Logic Analyser 43ch 
H.R. SMITH ANTENNA type 12-602-4 H.P. 84054 Vector Voltmeter 1-1000MMHz from ass eea 
MARCONI 5500 Automatic Amplitude Analyser 
H.P. 436A Power Meter with sensor 
RACAL INSTRUMENT RECORDER type Store 4DN 
H.P. 35754 Gain Phase Meter 1Hz - 13MHz 
H.P. 3312A Fctn. Gen. 0.1Hz-13MHz AM/FM, Sweep:Sine/Sa/Tri etc HAMEG OSCILLOSCOPE HM 1005 Tripe. Trace 100MHZ. 
MARCONI TF2337 Automatic Distortion Meter £2 Delay Timebase 
SAYROSA Automatic Modulation Meter type 252B HAMEG OSCILLOSCOPE HM 604 Dua! Trace 60MHZ. 
TEKTRONIX CPS250 Triple Output PSU 2x20V0.5A Var; 5SV2A Delay Sweep 
TEKTRONIX CFG250 Fetn. Gen. 0.2H2-2MHzSine/Sq/Tri etc HAMEG OSCILLOSCOPE HM203.7 Dual Trace 20MHZ. 
TEKTRONIX CDM250 Digital Mulktimeter 3'/ digit LED Component Tester 
HAMEG OSCILLOSCOPE HM205.3 Dual Trace 20MHZ. 
Digital Storage 
Ali other models evailable - all oscilloscopes supplied with 2 probes 


TEKTRONIX 2236 Dual Trace 100 MHz Counter /Timer/DMM 
TEKTRONIX 485 Dual Trace 350 MHz Delay Sweep 
TEKTRONIX 475 Dual Trace 200 MHz Delay Sweep 
TEKTRONIX 4658 Dual Trace 100 MHz Delay Sweep 
TEKTRONIX 465 Dual Trace 100 MHz Delay Sweep 
TEKTRONIX SC504 Duai Trace 80MHz in TM503B as new . 
TEKTRONIX 2215 Dual Trace 60 MHz Delay Sweep 
TEKTRONIX 455 Dual Trace 50 MHz Deiay Sweep 

IWATSU SSS5711C 4ch 100MHz Delay with DMM 

TRIO C52070 4CH TOMHz Delay 

HITACHI V650F Dual Trace 60MHz Delay Sweep 
PHILLIPS PM3217 Dual Trace 50MHZ Delay Sweep .... 
TELEQIPMENT D83 Dual Trace 50MHz Delay 


FARNELLPG101 Pulse Gen. 100nSecs 10MHz (1sec 1Hz) |. 


BLACK STAR EQUIPMENT (p&p all units £5) 
SPECTRUM ANALYSERS APOLLO 10 - 100MHZ Counter Timer Ratio/Period/Time Intervai etc 
H.P. 85654 0.01- 22GHz £5000 

H.P. 853 with 85594 0.01 - 216Hz 

H.P. 3580A LED 0.5MHz- SOKHz 

ANRITSU M5628 With Tracking Generator 10MHz-1700MHz 


APOLLO 100 - 100MHZ (As above with more functions) 
METEOR 100 FREQUENCY COUNTER 100MHZ 
METEOR 600 FREQUENCY COUNTER 600MHZ 
METEOR 1000 FREQUENCY COUNTER 1GHZ 
JUPITOR 500 FUNCTION GENERATOR 0.1 HZ-500KHZ. Sine/Sa/Tri .... 
ORION COLOUR BAR GENERATOR Pal/TV/Video : 
All other Black Star Equipment available. 


ANDOACB2B1 | with 4C8211 1700MHz 

H.P. 182 with 8558 100KHz -1500MHz 

H.E, 1417 with 85548 & 85528. 500KHz- 1250MHz 
H.P. 1417 with 8553B & 8552A 1KHz - 110MHz 
MARCONITF2370. 30Hz - 110MHz 

H.P. 8444 & 8443 Tracking Generators. Avallable from 


H.P. 141T Maln Frames only. Good Tubes OSCILLOSCOPE PROBES Switchable xl: x10 (P&P £3) 


Used Equipment Guaranteed- Manuals supplied If possible 


This is a VERY SMALL SAMPLE OF STOCK. SAE or Telephone for lists. Please check availabillty before ordering CARRIAGE all units £16 
VAT to be added to Total of Goods and Carriage 


ca e 
110 WYKEHAM ROAD, READING, BERKS RG6 IPL PN S 


Telephone: (0734) 268041 Fax (0734) 351696 Callers Welcome 9am-5.30pm Mon-Frl (until 8pm Thurs) 


4C test timer 0 for count too fast or slow 
4D : Verify timer 0 interrupt 
: Check 8042 ready for command 
AF : Check for soft reset 
Prepare for shutdown 
9 Start protected mode test 
52 : Test memory in 64K increments - 
53 : Check if memory test done 
Shutdown system and return to real mode 
Test for manufacture or regular test 
Disable keyboard. | 
heck for keyboard self test e Se Xs sbe 
'58:Keyhoardtestpassed = sds ON Pe 
59: Test keyboard interface - PT Brent mio 
5A : Configure mouse ai XS tee, ara T 
5B: Disable mouse — | [04:Refresh test 
5C : Initialize interrupt vectors - B we ! 
5D  Initialize interrupt vectors 
5E : Initialize interrupt vectors 
1: Reset floppy drive 
Floppy drive test 
: Turn floppy motor off 
: Serial port setup 
Enable real time clock interrupt 
6: Configure floppy drives — 
67; Configure hard drive — 
"68: Enable system CPU arbitration 
6 : Scan; for optional ROMs 
-6A : Verify serial & parallel ports 
6B: Setup equipment byte 
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MCC 8051 'C' Compilier £95 
MCC 8051 'C' Compiler is an integer 'C' like compiler for the MCS51 family. 
Easily customised for any MCS51 family variant. Comprehensive printed 
documentation. High level language debugger available (£75) 


DDC 'C' Compilers £82.50 
DDC 'C' compilers are integer 'C' compiliers with more functionality than the 
MCC compiler but more difficult to use. The compilers are available for 
68HC08/11/16, 8085/86/96, 8051 family. Documentation supplied on disk. 


87C751 Software Development Kit £82.50 
SDK751 Software development package for the Philips 87C751 micro con- 
troller. Package includes EDITOR, MACRO ASSEMBLER and source level 
SIMULATOR/DEBUGGER. 


87C750/751 Programmer £125 
The MICRO/EP750 plugs into the IBM/PC parallel port and can be used to 
program 87C750 and 87C751 devices. 


PC Hand Held Bus Monitor £675 
MIIC101 is a troubleshooting tool for the C serial bus developed by 
Philips and the ACCESS bus developed by Digital Equipment Corp. in 
partnership with Philips. 


80581 BOOK £45 
A very good text on the 8051 architecture, programming and application. The 
book is supplied with free (un-supported) IBM/PC based assembler and 
simulator. 


Other tools available prices exclude VAT and delivery 


Micro AMPS Limited 


66 SMITHBROOK KILNS, 
CRANLEIGH, 
SURREY GU6 8JJ, UK 
Tel: +44(0)1483 268999 
Fax: +44(0)1483 268397 


P lala Codes onem P5/2 Compatible BIOS 













Please mention ELEKTOR ELECTRONICS when contacting advertisers 
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HART KITS give you the opportunity to build the 
very best engineered hifi equipment there is, 
designed by the leaders in their field, using the 
best components that are available. 

Every HART KIT is not just a new equipment ac- 
quisition but a valuable investment in knowledge, 
giving you guided hands-on experience of modern 
electronic techniques. 

In short HART is your "friend in the trade’ giving 
you, as a knowledgeable constructor, access to 
better equipment at lower prices than the man in 
the street. 

You can buy the reprints and construction manual 
for any kit to see how easy it is to build your own 
equipment the HART way. The FULL cost can be 
credited against your subsequent kit purchase. 
Our list will give you fuller details of all our Audio 
Kits, components and special offers. 


AUDIO DESIGN 80 WATT POWER AMPLIFIER. 





This fantastic John Linsley Hood designed 
amplifier is the flagship of our range, and the ideal 
powerhouse for your ultimate hifi system. This kit 
is your way to get CK performance for a few tenths 
of the cost!. Featured on the front cover of 
‘Electronics Today International’ this complete 
stereo power amplifier offers World Class perfor- 
mance allied to the famous HART quality and ease 
of construction. John Linsley Hood's comments on 
seeing a complete unit were enthusiastic:- "The 
external view is that of a thoroughly professional 
piece of audio gear, neat elegant and functional. 
This impression is greatly reinforced by the 
internal appearance, which is redolent of quality, 
both in components and in layout." Options 
include a stereo LED power meter and a versatile 
passive front end giving switched inputs using 
ALPS precision, low-noise volume and balance 
controls. A new relay switched front end option 
also gives a tape input and output facility so that 
for use with tuners, tape and CD players, or 
indeed any other ‘flat’ inputs the power amplifier 
may be used on its own, without the need for any 
external signal handling stages. 'Siave' and 
'monobloc' versions without the passive input 
stage and power meter are also available. All 
versions fit within our standard 420 x 260 x 75mm 
case to match our 400 Series Tuner range. ALL six 
power supply rails are fully stabilised. and the 
complete power supply, using a toroidal trans- 
former, is contained within a heavy gauge 
aluminium chassis/heatsink fitted with IEC mains 
input and output sockets. All the circuitry is on 
professional grade printed circuit boards with 
roller tinned finish and green solder resist on the 
component ident side, the power amplifiers 
feature an advanced double sided layout for 
maximum performance. All wiring in this kit is pre- 
terminated, ready for instant use! 

RLH11 Reprints of latest articles..................... £1.80 
K1100CM HART Construction Manual............. £5.50 


LINSLEY HOOD 1400 SERIES 

ULTRA HIGH-QUALITY PREAMP 
Joining our magnificent 80 Watt power amplifier 
now is the most advanced preamplifier ever ot- 
fered on the kit, or indeed made-up marketplace. 
Facilities include separate tape signal selection 
to enable you to listen to one programme while 
recording another, up to 7 inputs, cross record- 
ing facilities, class A headphone amplifier, can- 
cellable 3-level tone controls and many other use- 
ful functions, all selected by high quality relays. 
For full details see our list. 


LINSLEY HOOD 'SHUNT FEEDBACK’ R.I.A.A. 
MOVING COIL & MOVING MAGNET 
PICKUP PREAMPLIFIERS 





Modern, ultimate sound systems are evolving 
towards built-in preamplifiers within or near the 
turntable unit. This keeps noise pickup and treble 
loss to a minimum. We now offer two units, both 
having the sonically preferred shunt feedback 
configuration to give an accurate and musical 
sound, and both having the ability to use both 
moving magnet and moving coil cartridges. 

Kit K1500 uses modern integrated circuits to 
achieve outstanding sound quality at minimal cost. 
The very low power requirements enable this unit to 
be operated from dry batteries and the kit comes 
with very detailed instructions making it ideal for the 
beginner. K1500 Complete kit with all components, 
printed circuit board, full instructions and fully 
finished C856... oso cete tke err Pec E e beret? £67.99 
Instructions only ota p EU Pedes £2.80 
Kit K1450 is a fully discrete component implementa- 
tion of the shunt feedback concept and used with the 
right cartridge offers the discerning user the ul- 
timate in sound quality from vinyl disks. Can be 
fitted inside our 1400 Preamp, used externally or as 
a standalone unit. (t has a higher power require- 
ment and needs to be powered from our 1400 Series 
preamplifier or its own dedicated power supply. 
K1450 Complete Discrete Component RIAA Phono 


Preap egean UAR ea Rae £109.58 
Factory Assembled and Tested...................... £159.58 
K1565 Matching Audio Grade Power Supply with 
potted toroidal transformer and limited shift 
earthing SyStermi an acc ete tu POTE ctas £79.42 


Factory Assembled and Tested...................... £118.42 
U1115 Power Interconnect Cable....................... £7.29 


SPECIAL OFFER 
PRECISION Triple Purpose TEST 
CASSETTE TC1D. 


Are you sure your tape recorder is set up to give its 
best? Our latest triple purpose test cassette checks 
the three most important tape parameters without 
test equipment. Ideal when fitting new heads. 

A professional quality, digitally mastered test tape 
at a price anyone can afford. 

Test Cassette TC1D ................. Our price only £10.99 


DISK-COUNT Classical CD’s. 

Many New Titles This Month 
Top quality, Full Digital (DDD) Compact Disks of the 
great classical favourites. Like everyone else we 
didn't like the idea of paying silly prices for CD's. 
After a long search we have now located a source of 
top quality classical recordings at prices that make 
you suspect the quality — until you try them! Send for 
our list of titles. 


HART PCB SOLDERING PRACTICE KIT 


Your chance to learn or try your soldering skills on a 
real Hart printed circuit board! This kit comes with a 
range of modern components, a typical Hart quality 
PCB, a roll of the correct grade of solder and your 
full learning guide. It enables the enthusiast who 
is uncertain of his, or indeed her, ability to put to- 
gether and solder a printed circuit to try their hand 
first at minimum cost. 

The instructions explain the right technique and 
quide even an absolute beginner through the seem- 
ingly daunting, but in fact very simple, art of making 
a good soldered joint. 

The Hart Printed Circuit Board Soldering Practice 
Kit represents excellent value for money at only 
£4.99. 





Send or 'phone for your copy of our FREE List of these and many other Kits & Components. Enquiries from Overseas 
‘customers are equally welcome, but PLEASE send 2 IRCs if you want a list sent surface post, or 5 for Airmail. 


get your order on its way to you THAT DAY. 


QUALITY 
AUDIO KITS 


Ordering is easy. Just write or telephone your requirements to sample the friendly and efficient HART 
service. Payment by cheque, cash or credit card. A telephoned order with your credit card number will 


Please add part cost of carriage and insurance as follows:-INLAND Orders up to £20 - £1.50, 
Orders over £20 - £3.50. Express Courier, next working day £10. 
OVERSEAS - Please see the ordering information with our lists. 






» HART AUDIO KITS - YOUR VALUE FOR 
MONEY ROUTE TO ULTIMATE HI-FI 


TECHNICAL BOOKSHELF 


The Following are a Small Selection of the Books we 
Offer. Full Details are in our Free List. 


“THE ART OF LINEAR ELECTRONICS", John Linsley 
Hood. 

Just Out! Hot Off the Press, the definitive electronics 
and audio book by the renowned John Linsley Hood. 
This 3004 page book will give you an unparalleled 
insight into the workings of all types of audio circuits. 
Learn how to read circuit diagrams and understand 
amplifiers and how they are designed to give the best 
sound. The virtues and vices of passive and active 
components are examined and there are separate 
sections covering power supplies and the sources of 
noise and hum. As one would expect from this writer 
the history and derivation of audio amplifier circuitry 
have an entire chapter, as does test and measure- 
ment equipment. 

Copiously illustrated this book is incredible value for 
the amount of information it contains on the much 
neglected field of linear, as opposed to digital, elec- 
tronics. Indeed it must be destined to become the 
standard reference for all who work, or are interested 
in, this field. 

SPECIAL OFFER. With each book purchased you may 
request a FREE extended index, written by the Author, 
exclusively from HART. 

0-7806-0868-4 canc n eee bla tai P SES E mwaa £16.95 
Don t forget most of our kits have reprints of articles by 
John Linsley Hood that you can purchase separately. 
“TOWERS’ INTERNATIONAL TRANSISTOR 
SELECTOR". This will give you the specification, pin 
connections, case outline, manufacturer, equivalents 
and substitutes for over 27,000 European, American 
and Japanese transistors. Latest update 4 offers over 
2,000 new entries plus surface mount cross index. 
1990 432 Pages. 247 x 173. 

aout. mE £19.95 


"DIGITAL AUDIO AND COMPACT DISC 
TECHNOLOGY" 2nd Edition. Baert, Theunissen 

and Vergult. (SONY Europe). 

A thoroughly well written book covering the whole 
field of recording media starting with the Phonograph 
right through to modern professional PCM digital 
recording systems with particular and extensive 
coverage on the compact disc. All aspects of the 
recording and reproduction processes are explained 
with separate chapters on such things as compact 
disc encoding and the use of cross interieave 
Reed-Soloman error correction code (CIRC). This 
book is of course essential reading for engineers and 
students involved in the field but its very low prices 
makes it ideal for the enthusiast of recorded music 
who wants to know more about the hidden processes 
going on in his CD player. 

1992/94 248 Pages. 247 x 190. 

Ou 506-06 PESE. aaeeei £17.95 


INTRODUCING DIGITAL AUDIO CD, DAT AND 
SAMPLING 2nd Edition. lan R. Sinclair. 

For enthusiasts, technicians and students. 

Covers CD and DAT, Philips DCC and Sony Mini Disc, 
the digital techniques involved are explained non- 
mathematically. 

Digital audio involves methods and circuits that are 
totally alien to the technician or keen amateur who 
has previously worked with audio circuits. This book 
is intended to bridge the gap of understanding for 
the technician and enthusiast. The principles and 
methods are explained, but the mathematical back- 
ground and theory are avoided other than to state the 
end product. This second edition has been updated 
to include sections on oversampling methods and 
bitstream techniques. The opportunity has also been 
taken to add a glossary of technical terms. 

1992 168 Pages. 217 x 138. 64 line drawings. 

ISBN 1870775 22 B... £7.95 


“THE ART OF SOLDERING”, R. Brewster. 

Absolutely essential reading for anyone who ever 
picks up a soldering iron. Written from knowledge 
gained in a lifetime in the field, this is the first book 
ever solely devoted to this essential and neglected 
Skill for al! electronic enthusiasts. Covers everything 
from the correct choice of soldering iron and solder 
to the correct procedures to follow with many illustra- 
tions and practical exercises. 

0-85935-324-3 sii cau biata dati cda rp e CO dat dei £3.95 


"HOW TO USE OSCILLOSCOPES & OTHER TEST 
EQUIPMENT”, R.A. Penfold, 112 pages. 178 x 111. 
Publ. 1989. 

BERT oon Ea E LAT SERPI £3.50 
Postage on Single Books is £1.50 except for The Art of Linear 
Electronics, Digitai Audio and Compact Disc Technology and 
The Towers international Transistor Selector which are £3.50. 
Two, or more, books are only £4.50, any size, any quantity. 
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IN-LINE A/V TESTER FOR LNCs 


* see text 


OST low-noise converters (LNCs 

or LNBs) for satellite TV reception 
require either a fixed supply voltage of 
+15 V or one which is switched be- 
tween +13 and +15 V. This voltage is 
supplied by the tuner, via the coax 
cable. The LNC current consumption 
is typically between 100 mA and 
400 mA. The low-cost V/A tester de- 
scribed here allows you to detect 
short-circuits in the coax cable, and 
faults in the tuner. The little instru- 
ment has a current range of O-1 A and 
a voltage range of 10-20 V. 

The tester is inserted into the down- 
lead coax cable between the LNC and 
the tuner with the aid of F-type sockets 
Kı and Ko. Kj is the LNC side, while the 
tuner is connected to Ko via a short 
piece of coax cable. F-type plugs and 
sockets are generally available from 
satellite TV installers and retailers. 


Design by G. Kleine — — 
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Capacitor C, provides d.c. insula- 
tion, but passes the RF signal on the 
downlead coax (950-2050 MHz). RF 
chokes L, and Lo block the RF signal 
for the rest of the circuit, while C9 and 
C5 decouple the d.c. side for high-fre- 
quency signals. To prevent undue 
amounts of stray capacitance and in- 
ductance in the circuit (causing signal 
loss), capacitor C, and the two chokes 
must be connected with the shortest 
possible leads. For the very same rea- 
son, a piece of 75-Q coax, W), is used 
to bridge the distance between K, and 
C,. The d.c. path is terminated by 
shunt resistor R;. The indicated 1-watt 
type is capable of handling a maxi- 
mum continuous current of 2 A. 
Fortunately, most satellite TV tuners 
limit the LNC short-circuit current to a 
much lower value. In some low-cost 
tuners, the LNC supply fuse blows, 








and will need to be replaced (after rem- 
edying the cause of the fault). 

With the switch, Si, set to the ‘A’ 
(ampere) position, the moving coil 
meter, M;, is connected in parallel to 
Ri. A series resistor, Ro, then limits the 
full-scale deflection of the meter to an 
effective current of 1 A. 

For voltage measurements, the 
switch is set to the 'V' position. Since a 
range of only 10 V to 20 V is required, 
the voltage across the measurement 
network and its series resistor, Rs, is 
reduced by 10 V with the aid of zener 
diode D,. The voltage across R4 then 
equals the LNC supply voltage minus 
the 10-V zener voltage. 


Construction hints 


The LNC V/A tester should be housed 
in a small metal enclosure, preferably 
diecast, for which panel-mount F sock- 
ets are available. The RF chokes con- 
sist of about 7 turns of 0.5-mm dia. 
(24SWG) enamelled copper wire, close- 
wound, with an internal diameter of 
about 3 mm. No core or former is used. 
The construction allows large toler- 
ances, since L; and Lo serve as RF 
blocking devices only. 

Components C1. L; and La should 
be fitted as close as possible to the 
centre pin of F socket Ks. The connec- 
tion to the other F socket, K,, is made 
via a short piece of 75-Q coax cable. 
The screening at both ends of this 
short transmission line is connected to 
the ground contacts of the respective F 
Socket. Co and Cs, too, must be con- 
nected with the shortest possible leads 
between the 'earthy' side of the chokes 
and ground. 

For the rest of the circuit, 'flying 
wire' as well as 'stripboard' construc- 
tions may be used. 

If you happen to have a moving coil 
meter with a different sensitivity than 
indicated in the circuit diagram, resis- 
tors Ro and Ra need to be altered to 
match the f.s.d. (full-scale deflection) 
current. In case of a short-circuit, re- 
sistor R; carries a current of 1 A, caus- 
ing a voltage drop of 220 mV. This 
voltage should be made to correspond 
to the meter's f.s.d. current. That is 
achieved by the meter's coil resistance 
plus the value of Ro. 

The value of Ra, finally, is computed 
from the maximum voltage which oc- 
curs across Ra (10 V), and the f.s.d. 
current of the meter you wish to use. A 
possibly simpler way to arrive at the 
correct resistance values is to fit a pre- 
set and just measure out the required 
resistance. (940115) 
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| -TO-3-PHASE CONVERTER 


Final part - Construction 


Design by B. Yahya 


e the voltages existing in many parts 
of the converter may be lethal, great 
care must be taken in the construction of 
the converter. Not only should the usual 
safety guidelines be rigidly adhered to, 
but there should also be no use made of 
cheap, often untested, components. It is 
also strongly advised to use an isolating 
mains transformer during the construc- 


tion and testing. 

The printed-circuit board shown in 
Fig. 5is double-sided and through-plated 
and therefore not easily made without the 
proper tools and equipment. 

Start by fitting all passive components, 
the transformers and the IC sockets on the 
board. Note that C, is fitted at the track 
side. Cover the tracks beneath Cog with in- 





sulating tape. Then fit regulators IC ; and 
IC ig. Connect the mains to the board and 
check that potentials of +12 V and 
+5 V exist at the outputs of ICj; and ICjg 
respectively. Next, verify that the 45 V 
line is available at all points indicated in 
Fig. 3. Do not insert the meter prod into 
the IC socket pins, since that damages 
the sockets beyond repair. 

If all voltages are correct, switch offthe 
mains and mount IC}, IC», IC3, IC, and ICs. 
Switch on the mains again and check that 
thereisasignalof 1 MHzat pin 1, and PWM 
signals at pins 2, 3 and 4, of ICs. If these 
signals are absent, the processor is not 
working properly. In that case, check all 
previous work thoroughly. 

Interconnect Ky and Ky, and verify that 
the PWM signals on pins 2, 3, and 4 of IC5 vary 
when Ps is turned. These signals should 
also be present at the six outputs of ICs, 


R35 
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Fig. 5. Printed-circuit board for the 1-to-3-phase converter — see also pages 75 and 76. 
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Fig. 6. There are two ways of fitting the main heat sink. 


provided D; does not light. This LED may 
be made to light by interconnec-ting pins 
4 and 5 of IC 15, IC]4 OT ICjg: It will extin- 


940077-1 
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guish (after about 4 seconds) when the 
links between Ky and Ky and pins 4 and 
5 of the relevant optoisolator have been re- 





1-TO-3-PHASE CONVERTER - PART2 


moved. Switch off the mains. 

Mount the remaining semiconductors 
and integrated circuits. Note that like nor- 
mal MOSFETSs the IGBT module is vulnerable 
to static electricity. 

If motors <100 W are to be used, there 
is no need for a heat sink for IC}9; at higher 
powers, thisis a must. There are two ways 
of cooling, which are illustrated in 
Fig. 6; which ofthese is chosen depends 
on the application of the converter. 

In Fig. 6a, the IGBT, mounted on a 
heat sink which also houses the NTC, is 
at right angles to the board. If the motor 
(orother load) is rated at 2300 W,a 3 mm 
thick aluminium sheet of the same size as 
the board is fixed above the board: at one 
side directly to the heat sink and at the other 
side via two spacers. Drill suitable holes 
in this sheet to retain access to the pre- 
sets. 

In Fig. 6b, the IGBT is bent slightly 
and mounted on the board with a (300 mm) 


TA] GENERAL INTEREST 





wide piece of aluminium, bent at right an- 
gles, sandwiched between them. Make 
sure that none of the tracks is touched. 
Moreover, the aluminium angled sheet 
should be at a distance of 23 mm from 
Rss and the tracks to Ks. Use heat conducting 
paste liberally. Next, screw a heat sink of 
<2 K W-! (SK04) to the aluminium. 
Finally, mount the NTC on the heat sink 
as close as possible to the IGBT. 

The finished board must be fitted in a 
metal enclosure, which allows at least 
3 mm space between it and the board. 
The enclosure must, of course, be earthed 
in accordance with safety regulations (in 
the UK, this should be the mains earth) 
see Fig. 7. 

Connect the open-circuit converter to 
the mains and switch this on, whereupon 
the relay should be actuated. Check that 
there is a voltage of about 340 V on Cos. 
When the mains is switched off, this po- 
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Fig. 7. The Converter in its (earthed!) metal enclosure. 
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Fig. 8. How to fit the IGBT from International Rectifiers. 


tential should disappear within 5-6 s. 

The board is designed for an IGBT 
Type MP6750 from Toshiba. If this is dif- 
ficult to obtain, International Rectifiers’ 
Type CPV363MF may be used. Since this 
is not pin compatible with the Toshiba 
module, some pins have to be linked to the 
board with short lengths of wire as shown 
in Fig. 8. 

If a Variac™ (variable transformer) is avail- 
able, supply the mains via this and adjust 
it to give a potential of 270 V across Co¢. 
Adjust P; to cause the level at pin 4 of 
IC gg changes from high to low. Then, ad- 
justthe Variac to give a potential of 360 V 
across Cog and adjust Pg to cause the level 
at pin 8 of ICi: to change from low to 
high. 

If a Variac is not available, measure the 
potential across Cog and C35. Turn Pg until 
the voltage at its wiper is (Uc9g/360) Uca5 
volts. Adjust P; until the voltage at its 
wiper is (Ucog/270) Ucas V. Remobve the 
Variac and connect the mains directly to 
the converter. 

If a temperature gauge is available, 
check that the thermal protection is ac- 
tuated when the temperature reaches 
80-85 ?C. 

Connect a three-phase motor to the 
converter and switch on the mains. The 
motorearth should be connected to the mains 
earth (standard in UK). Set all poten- 
tiometers, other than Pg and P7, to the 
centre of their travel and link Ka to K4. 
The motor should then gradually begin to 
run. Set the rotational speed with Ps. If the 
motor switches off or on too quickly, this 
may be remedied by varying P4 and P3 re- 
spectively. Finally, set P, (motor runs 
clockwise) and Ps (motor runs anticlock- 
wise) as desired. 

When the converter is used close to vi- 
brating parts (such as the motor itself), it 
is advisable to fix any parts that may be 
set into vibration (crystals, capacitors) in 
place with heat-resistant glue. 

When one of inputs 1-4 (pins 5-8 of Kg 
and Ky) is enabled and the mains is 
switched on, the converter goes into an error 
state, indsicated by the lighting of Dz (when 
the output can not be made active). This 
state is removed by earthing the relevant 
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input, whereupon D; extignuishes and 
the output may be actuated again. 

A final note: since PWM signals are 
used, it is not possible to measure the 
output voltage with a multimeter. A true- 
r.m.s. meter or oscilloscope must be used 
instead. The voltage between two phases 
may be 220 V. 


Parts list 


Resistors: 

Ry. Raq. Ra; = 560 Q 
Ry = 82 Q 

Ra, Ry = 2.2 kQ 
R5-Ry9, Rsg = 5.6 kQ 
Ry3-Ri7 = 3.3 kQ 

Rig = 4709 

Rua = 3300 

Rə = 680 Q 

R21-R23, Ro5-R27. R53. Rg4, Rag = 1.2 KQ 
R24. Rog-Rgo = 33 Q 
H33. Ra5 = 0.18 9,5 W 


Ran = 120 Q 
Rag = 1200 
Ran = NTC, 4.7 KQ 
Ran = 270 Q 

Ryo = 120 KQ 
R4] = 10kQ 

Rys = 470 Q 

Ras = 10kQ 

Ru = 180 Q 

Rys = 100 Q 


R46, Rag. R49. R55, R57 = 220 KQ 
R47 = 180 kQ 

Ran = 10 KQ, 5W 

R51 = 47 9,5 W 

Rs = 1 KQ 

Ren, Rg, = 470 KQ 

Pj-P4, Pg, P7 = 25 KO preset 

Ps = 10 KQ linear potentiometer 


Capacitors: 

Cy, Cs, C23, C33. C34, C36, C37 = 100 nF 

C5, Ca = 27 pF 

C4 = 100 nF 

Cg, C157 1 pF, 16 V, radial 

C7-C) 1, Co) = 4.7 pF, 16 V, radial 

C12. Cya-Cy9, C24, Cog. C35 = 10 pF, 16 V, 
radial 

Can = 470 pF 

Cog 24.7 nF 

C355, Cog = 220 pF, 400 V, radial 


1-TO-3-PHASE CONVERTER - PART 2 
Co7 = 15 nF, 1500 V 

Co9, C4; = 22 pF, 16 V, radial 

Can = 1000 pF, 25 V 

Cao = 470 pF, 25 V 


Semiconductors: 

D, = zener, 5.1 V, 400 mW 

Da = zener, 6.2 V, 400 mW 

Da-Dg = zener, 4.7 V, 400 mW 

D; = LED 

Dg-Dijo = BYT11 or BYV36E 
(1000 V, 150 ns) 

Du. D13-Dj5 = 1N41448 

Da = zener, 12 V, 400 mW 

Djg-D,o = FR606 (500 V, 5 A) 

B, = rectifier bridge B250C1500 

Bo = rectifier bridge B40C 1500 

T; = BC547B 

To = BC337 


Integrated circuits: 

IC; = 74HCT573 

IC9 = EPROM Order No. 946640-2* 

ICa = TL7705A CP (Texas Instruments) 

IC, = 80C535 (Siemens) 

ICs = GAL Order No. 946640-1* 

ICe-IC;; = PC923 (Sharp) 

IC)  MP6750 (Toshiba) orCPV363 MF 
(International Rectifier) see text 

IC)3-IC)5 = CNY17-4 (Siemens) 

ICg = LM324 

IC)7= 7812 

ICjg = 7805 


Miscellaneous: 

JP, = 2-way jumper 

KK = 2-way terminal block, 
pitch 5mm 

Ks = 3-way terminal block, 
pitch 7.5 mm 

Kg, K7 = 2-way terminal block, 
pitch 7.5 mm 

X, = crystal, 12 MHz 

F) = fuseholder and 6.3 A slow fuse 

Re; = relay, one change-over contact, 
coil 12 V 

Tr, = mains transformer, 12 V, 3 A, 
e.g. Velleman 1120038M (Maplin) 

Tro = mains transformers, 12 V, 1.5 A, 
e.g. Velleman 1120018M (Maplin) 

1 off mains switch, 3 A, with indicator 

2 off heat sink, SK104 (37.5 mm high)t 

1 off heat sink SK68 (75 mm high) or 
SW40/30 (100 mm high) with SK041 
(see text) 

1 off metal enclosure, 00x00x00 mm 

1 off mains entry plug (23 A) 

1 off PCB Order No. 940077-1* 


Available as kit (PCB+EPROM+GAL) 
Order No. 940077-C 

T Available from Dau (UK) Ltd 

70-75 Barnham Road 

Barnham; West Sussex 

England PO22 OES 

Telephone +44 (0)1243 553 031 
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READERS SERVICES 


Except in the USA and Canada, all orders, except for sub- 
scriptions and past issues (for which see below), must be 
sent BY POST to our Dorchester office using the appropriate 
form opposite. Please note that we can not deal with PER- 


| 


SONAL CALLERS, as no stock is carried at the editorial and | 


administrative office. 

Readers in the USA and Canada should send orders, except 
for subscriptions (for which see below), to Old Colony 
Sound Lab, Peterborough NH, whose full address is given on 
the order form opposite. Please include shipping cost ac- 
cording to total order value. For surface delivery in the USA, 


if order is less than $50, include $3; $504, $4. For Canada ` 


surface, if less than US$50, include US$5; US$50+, 
US$7.50. For air or other deliveries, please inquire. Please 
allow 4-6 weeks for delivery. 

All other customers must add postage and packing charges 
for orders up to £25.00 as follows: UK and Eire £1.95; sur- 


face mail outside UK £2.45; Europe (airmail) £2.95; outside | 
Europe (airmail) £3.70. For orders over £25.00, but not ex- | 
ceeding £100.00, these p&p charges should be doubled. For ' 


orders over £100.00 in value, p&p charges will be advised. 


SUBSCRIPTIONS & PAST ISSUES 


Subscriptions and past issues, if available, should be or- 
dered from Worldwide Subscription Service Ltd, Unit 4, 
Gibbs Reed Farm, Pashley Road, TICEHURST TN5 7HE, 
England. For subscriptions, use the order form on the oppo- 
site page. 


Prices of past issues (except July/August and December), in- | 


cluding postage for single copies, are £2.70 (UK and Eire); ` 


£3.00 (surface mail outside UK); £3.20 (air mail Europe); 
£3.95 (airmail outside Europe). Prices of past July/August 
and December issues, including postage for single copies, 


are £3.75 (UK); £4.00 (surface mail outside UK); £4.25 (air- . 


mail Europe); and £5.00 (airmail outside Europe). 


PAST ARTICLES 


Photocopies of past articles are only available in combina- | 
tion with the associated printed circuit board (see Product 


Overview). The price of the photocopy is that of a past issue, 
which is sent in the first instance. If the relevant past issue is 
no longer available, you will receive a photocopy. Please 
State ‘plus photocopies’ when ordering a printed circuit 
board using the order form opposite. 


We regret that photocopies can not be supplied (1) sepa- - 


rately, (2) if the relevant article does not describe a project of 
which the printed circuit board is still available. 


COMPONENTS 


Components for projects appearing in E/ektor Electronics are | 


usually available from appropriate advertisers in this maga- - 


zine. If difficulties in the supply of components are envis- 
aged, a source will normally be advised in the article. It 
should be noted that the source(s) given is (are) not exclu- 
sive — other suppliers may also be abte to help. 


BOOKS 


For book availability, see advertisement on page 81. 


SHELF BOX 
Elektor Electronics shelf box.................. £295. nk $6.00 


FRONT PANEL FOILS 


PROJECT No. Price Price 
(£) (US$) 
4MB printer buffer card 920009-F 8.25 16.50 
LC meter 920012-F 11.45 22.90 
Guitar tuner 920033-F 8.80 17.60 
NICAM decoder 920035-F 8.25 16.50 
12VDC to 240VAC inverter 920038-F 16.15 32.30 
Audio DAC 920063-F 10.00 20.00 
Digital audio/visual system 920022-F1 10.00 20.00 
920022-F2 19.40 38.80 
920022-F3 28.80 57.60 

1.2 GHz multifunction 
frequency meter 920095-F 13.80 27.60 
U2400B NiCd battery charger 920098-F 8.75 17.50 
Workbench PSU 930033-F 17.00 34.00 
Inexpensive phase meter 930046-F 17.25 34.50 
AF rms voltmeter 930108-F 17.25 34.50 


/A list of ali PCBs, software products and front panels av 


h, June, September and December issues o 







EPROMS / PALS / GALS / CONTROLLERS 


Multi-purpose Z80 card: 


BIOS (1 x EPROM 27128) 6121 15.30 30.60 

1.2 GHz multifunction 

frequency meter(1 x 270256) 6141 11.45 22.90 

Digital audio/visual system 

(1x 270256) 6171 10.30 20.60 

TV test pattern generator 

(1 x 27256) 6151 13.00 26.00 

DiAV system. Package: 

1 x 27512; 2 x GAL; 1 x 

floppy disk (MSDOS) 6181 30.50 61.00 

PAL test pattern generator 

(1 x GAL 20V8-25) 6211 9.40 18.60 

800535 assembler course 

(1 x EMON52 EPROM and 

1 x disk 1811) 6221 17.05 34.10 

Watt-hour meter (1 x 27256) 6241 10.00 20.00 

Four fold DAC (1 x GAL) 6251 10.75 21.50 

Multipurpose display decoder 

(1 x 2764) 6261 11.50 23.00 

Telephone-controlled switch 

(1 x 2764) 6271 14.50 29.00 

Relative humidity meter (1x 2764} 6301 14.50 29.00 

535 card with EPROM emulator 

(1 x PAL and 1 x GAL) 6311 26.00 52.00 

Copybit eliminator (1 x GAL 16V8 

and 1 x MACH110) 6321 42.25 84.50 

RDS decoder (1 x 27C64) 6331 1450 29.00 

12C tester (1 x GAL 6001) 6341 30.75 61.50 

Mains signalling system (1 x 27664) 6371 13.25 26.50 

8751 programmer (1 x 8751) 7061 46.40 92.80 

Microcontroller NiCd charger 

(1 x ST62E15) 7071 10.00 20.00 

Maxi micro clock (clock) 7081 11.50 23.00 

Maxi micro clock (darkroom timer) 7091 11.50 23.00 

Maxi micro clock (cooking timer) 7101 11.50 23.00 

Mini micro clock (clock) 7111 11.50 23.00 

Mini micro clock (darkroom timer) 7121 11.50 23.00 

Mini micro clock (cooking timer) 7131 11.50 23.00 

VHF/UHF TV tuner (1 x 87C51) 7141 25.75 51.50 

Microntrotler-driven UART 

(1 x ST62T10) 7151 17.25 34.50 

PIC programmer (1 x PIC17642 

and 1 x disk) 7161 5275 105.50 

MIDI swel) pedal (1x 27C64) 946635-1 13.75 27.50 

P.0.S T. diagnostic card (PIC-1)946639-1 11.00 22.00 

(PIC-2)946639-2 13.00 26.00 

1-to-3-phase converter (GAL) 946640-1 12.25 24.50 
(EPROM) 946640-2 15.75 31.50 

Solid-state disk (1 x 27256) 946641-1 23.50 47.00 

TV line monitor (1 x PIC16C54) 946643-1 20.25 40.50 


DISKETTES 


GAL programmer (3 disks; upgrade; 


see June 1993 issue) 1701 11.15 22.30 
Multi-purpose 280 card 1711 7.65 15.30 
Fuzzy Control One 1721} 7.75 15.50 
Pascal library for MMC 1751 9.70 19.40 
Speech/sound memory 1771 7.65 15.30 
PC-aided transistor tester 1781 7.50 15.00 
IR receiver and DTMF decoder 

for 80C32 SBC 1791 9.00 18.00 
806535 assembler course 1811 880 17.60 
l2C opto/relay card 1821 7.65 15.30 
Video digitizer for PCs 1831 14.50 29.00 
GAL programmer for Amiga 1841 11.00 22.00 
126 aiphanumerical display 1851. 8.50 17.00 
Philips preamplifier 1861 8.50 17.00 
GAL programmer (excl. Opal 

Jr. disks) 1881 10.75 21.50 
Precision clock for PCs 1871 8.50 17.00 
X2404-to-8751 interfacing 1891 8.50 17.00 
RC5 software emulation 1901 10.75 21.50 
Mains signalling system 1911 9.75 19.50 
SIM — an 8051 simulator 1931 34.25 68.50 
800535 SBC extension 1941 975 19.50 
Small loop antennas 1951 10.75 21.50 
800535 SBC 12C display 946197-1 9.75 19.50 
PIC programming course 946196-1 9.75 19.50 
RC5 transmitter with 800535 946199-1 9.75 19.50 
Debugging 8031/8051 micro- 

controller systems 946203-1 11.50 23.00 
ispStarter kit from Lattice 946204-1 9.75 19.50 














price includes the software. 


PRINTED CIRCUIT BOARDS 


Printed circuit boards whose order number is followed by a 
C are only available in combination with the associated soft- 
ware item, and can not be supplied separately. The indicated 


The publishers reserve the right to change prices without prior notification. Prices shown in this issue supersede those in previous issues. E. & O.E. 








JUNE 1994 

800535 SBC extension 940025 19.75 39.50 

12C bus booster 940057 7.25 14.50 

RS485 interface 940035 6.25 12.50 

Fuel consumption monitor 940045 600 12.00 

Intelligent EPROM eraser 940058-1 9.00 18.00 

JULY/AUGUST 1994 

General purpose !R volume 

control 930099 9.00 18.00 

IR controlled switch 936066 9.75 19.50 

MIDI swell pedal, 

incl. EPROM 946635 940019-C 206.75 53.50 

Charge meter 940033 5.75 11.50 

Water softener 944011-1 600 12.00 
: Joystick-to-mouse adaptor 944040-1 7.00 14.00 

Discrete preamplifier 944063-1 8.50 17.00 

Centronics 1/0 interface 944067-1 8.75 17.50 

800451 controller board 944069-1 15.00 30.00 

Robust AF power amp 944075-1 9.75 19.50 
: PC over-temperature alarm 944076-1 425 8.50 

1-4 MByte SIMM adaptor 944094-1 15.50 31.00 
_ Optical doorbell 944080-1 6.25 12.50 

PIC experimenting board 944105-1 17.75 35.50 

RC5 transmitter with 800535 

(incl. disk 946199-1) 944106-C 13.00 26.00 

SEPTEMBER 1994 

Switchable a.c. supply 934004 6.50 13.00 
: Anemometer & flow meter 940017 6.25 12.50 
. Compact frequency meter 940051-1 900 18.00 

Revolution counter 940045-1 6.00 12.00 

940068-1 5.50 11.00 

OCTOBER 1994 

Motive-battery charger 940083-1 7.25 1450 

Integrated AF amplifier 936062-1 9.50 19.00 
| 936062-2 28.25 56.50 
Tester for IR remote control 940084-1 650 13.00 

In-car audio amplifier (1) 940078-1 14.00 28.00 

TV line monitor (incl. 

PIC 946643-1) 940065-C 26.25 52.50 

NOVEMBER 1994 

Single-wire communication 940055-1 400 8.00 

In-car audio amplifier (2) 940078-2 30.25 60.50 

Solid-state disk (incl. 

EPROM 946641-1) 940085-C 47.50 95.00 
| Simple capacitance meter 940091-1 10.00 20.00 
+ DECEMBER 1994 

In-car audio amplifier (3) 940078-2 30.25 60.50 

RF immune power supply 940054-1 9.00 18.00 

ispStarter kit from Lattice 940093-C 21.50 43.00 

Proximity detector 940108 Not available 

30m QRP CW transmitter 944020 . Not available 

Temperature. protection for 

high-power resistive loads 944014 Not available 

Electret microphone for 

telephone mouthpiece 944003 Not available 

Current probe 944093 Not available 

Stand-alone copybit eliminator 944052 Not available 

JANUARY 1995 

Mini Audio DAC 940099-1 14.75 29.50 

1-to-3-phase converter (incl. 

GAL & EPROM 946640-1 and -2)940077-C 52.75 105.50 

P.0.S.T. diagnostic card (incl. 

GALs 946639-1 and -2) 950008-C 29.25 58.50 
' Self-loading EEPROM type 

X88C64 SLIC 940116-1 8.25 16.50 

Debugging 8031/8051 micro- 

controller systems (incl. disk 

946203-1) 940117-C 15.00 15.00 

Quasi-analogue clockwork 930024 37.25 74.50 
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Please send this order form to * 1-95 
Elektor Electronics (Publishing) 
P.O. Box 1414 

Dorchester DT2 8YH 

ENGLAND 

Tel. (01305) 250995 

Fax (01305) 250996 


VAT No.GB 454 135 463 








* 


USA and Canada residents only: use $ prices, and send order 





form to: 
Old Colony Sound Lab, P.O. Box 243, Peterborough, Post code 
NH 03458. 






Telephone Date 


Please supply the following. For PCBs, front panel foils, EPROMs, PALs, GALs, microcontrollers and 
diskettes, state the part number and description; for books, state the full title; for photocopies of articles, 
state full name of article and month and year of iii decid ulei Please use block capitals. 


Tel. (603) 924-6371, 924-6526, Fax: (603) 924-9467 





a a a a a a ee Aaa aa aa aaa aaa 


! Method of payment (see overleaf before ticking as appropriate) 


! Note: cheques not made out in sterling must be increased by the equivalent of £15.00 
I 


! J Bank draft (J Cheque (payable to Elektor Electronics Publishing) 
| 1 Giro transfer (our account no. 34 152 3801) 
2 Postal/money order 


Access 
a a siga | EN EY 9 agp Expiry date: Signature: 











International Subscription Service 





Please enter my subscription to Elektor Electronics 
for JJ one year U two years (tick as required) 
by LJ surface mail LJ airmail (tick as required). 


Method of payment (see overleaf before ticking as appropriate) 


Q Cheque enclosed (payable to Elektor Electronics Publishing) 
U Giro transfer to a/c 34 152 3801 
U Credit card Expiry date............... SISTI e uocis E E DOES 











Send this form to 
Elektor Electronics, World Wide Subscription Service Ltd, Unit 4, Gibbs Reed Farm 
Pashley Road, Ticehurst TN5 7HE, England 
1-95 (Registered in the UK under the Data Protection Act, 1984) 
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TERMS OF BUSINESS 


HOW TO PAY 

Unless you have an approved credit account 
with us, all orders must be accompanied by the 
full payment, including postage and packing 
charges as stated on page 70, section |. 

Payment may be made by chegue drawn 
on a London clearing bank (but see para. 4 
below), postal order, VISA, ACCESS, MAS- 
TERCARD or EUROCARD (when paying by 
credit card, the order must go to the card- 
holder's address). Do not send cash through 
the mail. Cheques and postal orders should be 
crossed and made payable to ‘Elektor 
Electronics (Publishing). 

Payment may also be made by direct trans- 
fer from a private or business Giro account to 
our Giro Account No. 34 152 3801 by com- 
pleting and sending to the National Giro 
Centre, in a National Giro postage paid enve- 
lope, a National Giro transfer/deposit form. Do 
not send Giro transfers direct to us, as this will 
delay your order. 

If you live outside the UK, payment may 
also be made by Bankers' sterling draft drawn 
on a London clearing bank, Eurocheque made 
out in pounds sterling (with holder's guaran- 
tee card number written on the back), or US or 
Canadian dollar cheque, but such cheques, ac- 
cepted at the exchange rate prevailing at the 
tme your order is received, must be increased 
by the equivalent of £15.00 to cover our 
bankers' negotiating fee. 

If you pay by Bankers' sterling draft, make 
clear to the issuing bank that your full name 
and address MUST be communicated to the 
London clearing bank. 

Our bankers are National Westminster 
Bank, 49 South Street, DORCHESTER, 


Annual subscription rates (1995) 


Dorset DT1 1DW, England. Our account 
number is 6966 3440. 


DELIVERY 

Although every effort will be made to dispatch 
your order within 2-3 weeks from receipt of 
your instructions, we can not guarantee this 
time scale for all orders. 


RETURNS 

Faulty goods or goods sent in error may be re- 
turned for replacement or correction, but not 
before obtaining our consent. All goods re- 
turned should be packed securely in a padded 
bag or box, enclosing a covering letter stating 
the dispatch note number. If the goods are re- 
turned because of a mistake on our part, we 
will refund the return postage. Goods returned 
for refund must be in resaleable condition and 
will be subject to a 10% handling charge with 
a minimum charge of £2.50. 


DAMAGED GOODS 

Claims for damaged goods must be received at 
our Dorchester office within 10 days (UK); 14 
days (Europe) or 21 days (al! other countries) 
from the date on our "Recorded Delivery" slip. 


CANCELLED ORDERS 

All cancelled orders will be subject to a 10% 
handling charge with a minimum charge of 
£2-50. 


PATENTS 

Patent protection may exist in respect of cir- 
cuits, devices, components, and so on, de- 
scribed in our books or magazines. Elektor 
Electronics (Publishing) do not accept respon- 


US dollar cheques. Subscribers in the USA and Canada 
only may pay in $US cheques. 


sibility or liability for failing to identify such 
patent or other protection. 


COPYRIGHT 
All drawings, photographs, articles, printed- 
circuit boards, EPROMs, and cassettes published 
in our books or magazines (other than in third- 
party advertisements) are copyright and may 
not be reproduced or transmitted in any form 
or by any means, including photocopying and 
recording, in whole or in part, without the prior 
permission of Elektor Electronics (Publishing) 
in writing. Such written permission must also 
be obtained before any part of these publica- 
tions is stored in a retrieval system of any na- 
ture. 

Nothwithstanding the above, printed-cir- 
cuit boards may be produced for private and 
personal use without prior permission. 


LIMITATION OF LIABILITY 

Elektor Electronics (Publishing) shall not be li- 
able in contract, tort, or otherwise, for any loss 
or damage suffered by the purchaser whatso- 
ever or howsoever arising out of, or in connex- 
ion with, the supply of goods or services by 
Elektor Electronics (Publishing) other than to 
supply goods as described or, at the option of 
Elektor Electronics (Publishing), to refund the 
purchaser any money paid in respect of the 
goods. 


LAW 
Any question relating to the supply of goods 
and services by Elektor Electronics 
(Publishing) shall be determined in all respects 
by the laws of England. 

October 1994 
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United Kingdom £28-00 

Rest of the world (surface mail) £34.00 

AIRMAIL 

Europe & Eire £35.00 

USA & Canada $59.00 

Middle East & North Africa £44-00 

Central & southern Africa £44-00 

Central & South America £44-00 ofa cheaper service. 
Australia & New Zealand £ 46-00 

Far East & South Pacific regions L 46-00 


Payment may be made by cheque in sterling drawn 
on a London clearing bank (but see below), postal 
order, VISA, ACCESS, MASTERCARD Or EUROCARD (in 
which case the subscription must be sent to the card- 
holder's address) or by direct transfer to our Giro 
Account no. 34 152 3801. Do not send cash through the 
mail. Cheques and postal orders should be made payable 
to ‘Elektor Electronics Publishing’. Giro transfers 
should be made by completing and sending the appropri- 
ate transfer/deposit form to the National Giro Centre 
(UK) or to your national Giro Centre. 

If you live outside the United Kingdom, payment 
may also be made by Bankers' sterling draft drawn on a 
London clearing bank or Eurocheque. Eurocheques 
should be made out in pounds sterling and have the 
holder's guarantee card number written on the back. 
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The standard subscription order period is twelve 
months. If a permanent change of address during your 
subscription period means that copies have to be dis- 
patched by a more expensive service, no extra charge 
will be made. Similarly, no refund will be made, nor ex- 
piry date extended, if a change of address allows the use 


Student applications, which qualify for a 1096 (ten per 
cent) reduction in current rates, must be supported by 
evidence of studentship signed by the head of the col- 
lege, school or university faculty. 


Please note that new subscriptions take about four 
weeks from receipt of order to become effective. 


Cancelled subscriptions will be subject to a charge of 
2596 (twenty-five per cent) of the full subscription price 
or £7.50, whichever is the higher, plus the cost of any is- 
sues already dispatched. Subscriptions cannot be can- 
celled after they have run for six months or more. 


Our bankers are National Westminster Bank PLC, 
sorting Code 60-07-01, 49 South Street, Dorchester, 
Dorset, England DTI IDW. Our account number is 
6966 3440. 


October 1994 
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ELEKTOR ELECTRONICS JANUARY 1995 


SWITCHBOARD 





FOR SALE. PIC programmer (Elektor 
Electronics, March 1994) £100-00 o.n.o.. 
Please ring Mike Mee in New Zealand 464 
03 7500 016 (mornings GMT). 


FOR SALE. Mini 12 V bulbs with 25 cm leads; 
10 for £1-00. Send cheque/PO to M. Knight, 
10 Daniel Road, Mancetter, Atherstone, 
Warwickshire, England CV9 1PA 


WANTED. Manual for Rohde & Schwarz 
LRU610D Inductance meter. Loan/purchse; 
reasonable costs met. Please write to P. 
Redway, 169 Ballards Walk, Basildon, Essex 


KA E k Aa * 
AED 
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FANADVERT 
IS IN PRINT, 
IS IT 
PROPER? 


Most advertisements are 
perfectiv proper. Afew are not. 

The Advertising Standards 
Authority not oniy monitors 
over 850 advertisements every 
month, it ensures compliance 
with the rules in the strict 
Code of Advertising Practice. 

So when you question 
an advertiser, they have to 
answer Lo us. 

To find out more about the 
role of the ASA, please write to 
Advertising Standards 

Authority 
Dept X, Brook House. 
Torrington Place, 


London WCIE 7HN. ASA 


This space is donated ia the interests 
of high standards in adverlisements, 


ELEKTOR ELECTRONICS JANUARY 1995 


$815 5JU. 


FOR SALE. Racal RA17 receiver, £130; weather 
sat receiver/frame store YU3UMV, £200. 
Please phone (01884) 32388. 


FOR SALE. Elektor 8051 SBC computer with 
extension board, incl. complete Elektor course, 
two LCD displays and small 8051 stand-alone 
computer, £60.00. Phone Jonathan on 
(01905) 358 742 (evenings). 


FOR SALE. Thandar SC1104A portable scope, 
£125. Also Fluke 87 true-rms multimeter, 
£125. Both in A1 condition. Phone (0181) 
423 2224. 


FOR SALE. RF Signal generator, Precision 
Gold, still boxed, £45. Also Marconi univer- 
sal brridge TF2700, solid-state, with manual, 
£25. Phone (01272) 407 599 (evenings). 


FOR SALE. Oscilloscope Farnell DTV60, 3- 
channel, 8-trace, 60 MHz, with manual, probes 
andcase. Current model, fabulous condition, 
£365. Phone Peter on (01272) 407 599. 


WANTED. Formant information or similar 
synthesizer OTA, VCO circuit diagram, etc. 
Also UA726C or equivalenmt. Buy for cash 
or swap. Phone Chris on (01235) 534 152. 


FOR SALE. Twenty 87P50 microcontrollers 
use piggyback 2716/32 in place of 8048/49/50, 
£15 each. Phone (0114) 239 274 (evenings). 


FOR SALE. HF, VHF satellite communication 
equipment of marine. Write to T. Dasan, 
FA111 Alembic Colony, Baroda-3, Gujarat, 


Send this coupon to 
Elektor Electronics (Publishing) 
P.O. Box 1414 
Dorchester DT2 SY H 
England 


Block capitals please — one character to each box 


ELEKTOR ELECTRONICS 01/95 
Name and address MUST be given 





India. 


Books from Elektor Electronics (Publishing) 


The following books are currently available: 
How to build vour own Electronic Test Instruments 
Short course 8051/8032 Microcontrollers and assembler 


SMT Projects 

301 Circuits 

302 Circuits 

303 Circuits 

304 Circuits 

305 Circuits 

Microprocessor Data Book 
Data Sheet Book 2 

Data Book 3: Peripheral Chips 
Data Book 4: Peripheral Chips 
Data Book 5: Application Notes 


£15:95 
9:05 


$29.50 
$18.50 


£ 9.95 
£9.05 
£9.95 

£10-95 

£12.95 
£14.95 
£10:95 

£9:95 
£10.95 
£10-95 
£10-95 


$18.50 
$18.50 
$18.50 
$20.25 
$23.05 
$27.70 
$20.25 
$18.50 
$20.25 
$20.25 
$20.25 


All prices are exclusive of p&p, for which see page 78 


How to order: 

UK and Overseas private customers (NOT 
in USA and Canada) from: 

Elektor Electronics (Publishing) 

PO Box 1414 Dorchester, England DT28YH 
Telephone (0305) 250 995 

Fax: (0305) 250 996 


UK and Overseas bookshops, schools, 
colleges, universities and bulk orders 


(NOT in USA and Canada) from: 
Gazelle Book Services Ltd 

Falcon House, Queen Square, Lancaster, 
England LAI IRN 

Telephone (0524) 68765 

Fax: (0524) 63232 


USA and Canada ONLY from: 
Old Colony Sound — please see order form 
on page 79 for details 





ELEKTOR ELECTRONICS is available from, among others: 


CRICKLEWOOD L.F. HANNEY AAGE NIELSEN TABACCARIA BRITANICA 
ELECTRONICS LIMITED Your electronic component 1 Sortedam Dosseringen Praca do Dugue da 
40 Cricklewood Broadway, specialist for DK-2200 Copenhagen, Terceira 19 
London NW2 3ET Avon, Wilts & Somerset. Denmark, 1107 Lisboa, Portugal 
Telephone 0181 450 0995 77 Lower Bristol Road, Telephone 01 39 30 10 Telephone 932 4752 
Fax 0181 208 1441 Bath, Avon, Fax 031 39 05 02 Pe Aa 
Cc EC AER ERES Telephone 01225 424811 >= MK KNJIGARNA 
THE ELECTRONIC SHOP E HELMHOLT ELEKTRONIK Slovenska 29 
Electronic components, test D.P. HOBBS (NORWICH) Farvevej 2 Ljubljana 
equipment, telephone LTD DK-7600 Struer, Denmark Slovenia 
accessories, computer Electronic component Telephone 97 85 26 11 Telephone 061 150 196 
accessories, microphones, specialists. Amateur radio ——— = o 
disco lighting, speakers, turn equipment. RCE ELECTRONIC TECHNICAL BOOKS & 
tables, mixers, meters, stylus. 13 St. Benedict Street, CENTRE MAGAZINES 
29 Hanging Ditch, Norwich NR2 4PE, Boulevarden 34 289-299 Swanston Street 
Manchester M4 3ES, Telephone 01603 615786 DK-9000 Aalborg, Denmark Melbourne, Australia 3000 
Telephone 0161 834 1185 = Telephone 98 16 07 10 Telephone 663 3951 
— MANCOMP o ag ne ee 
GREENWELD 240 Platt Lane VEJLE RC ELEKTRONIK INEL Co. 
27 Park Road Manchester M14 7BS Sdr Brogade 42 P.O. Box 1397 
Southampton SO1 3TB England P O Box 332 JL. Hariang Banga No. 3 
England Telephone 0161 224 1888 DK-7100 Vejle, Denmark Bandung 40116 
Telephone (01703) 236 363 — Telephone 75 83 25 33 Indonesia 
Fax (01703) 236 307 OMNI ELECTRONICS SS 
d Stock a wide range of BEBEK ELECTRONICS 
electronic components. Hirsimetsantie 26 
174 Dalkeith Road, SF-15200 Lahti 11 
Edinburgh EH16 5DX, Finland 
Telephone 0131 667 2611 Telephone (18) 33 99 46 
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Please mention ELEKTOR ELECTRONICS when contacting advertisers 


“Electronics Workbench 
is the best simulator to 


design and verily circuits." 


Gordon MacDonald 
Production Engineer Technician 









Electronics Workbench is a highly 
productive bench where you design and 
verify circuits in a fraction of the time. 
Connections are always perfect. Wires 
route themselves. And the simulated 
components and test instruments work 
just like the real thing. 
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File Edit Circuit Window Help 


XXX 





MEX: 


Digital Module: Analyzing a logic circui 


„ca: 





It's faster than building, with actual 
components because you change 
connections and component values 
instantly. And since the simulated 
components are free, you don't need to 
replace burnt-out parts or keep an 
extensive inventory. The result: You save 
precious time and money. Guaranteed! 








Ba Plotter 


MODE 


i Drm 
| VERTICAL 


The standard for simplicity and power for 
over six years, Electronics Workbench is the 





| 19.0 MHz Mj. 





Tle EE most popular tool of its kind. It has gained 






| worldwide acclaim as the ideal complement 


to any test bench. Fact: Over 90% of 
our customers recommend it to 





EEE 
Analog Module: Tuning an RF front end. their friends and colleagues. 


ar, Electronics Workbench 


The electronics lab in a computer ™ 


Call: 44 0203 23321 


| Robinson Marshall (Europe) PLC 
ust £l 9* Nadella Building, Progress Close, Leofric Business Park, Coventry, Warwickshire CV3 2TF 
FAX: (44) 0203 233210 & 











For DOS, Window at Mae Version *30-day money-back guarantee. A 
KWA Shipping charges — UK £4.99. All prices are plus VAT. WNDOWS INTERACTIVE 
VISA Nas, : i COMPATIBLE 
All trademarks are the property of their respective owners. 





**With the purchase of Electronics Workbench. Offer valid until October 15, 1994. 


THIS WORLD 
ONL 


Over 800 colour packed pages | 
with hundreds of Brand New | 
Products at Super Low Prices. 


Available from all branches of WHSMITH, John Menzies in Scotland 
ONLY, Eason & Son in N. Ireland ONLY, and Maplin stores nationwide. 
The Maplin Electronics 1995 Catalogue — OUT OF THIS WORLD! 





